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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor laser that can be 
lowered in threshold current and improved in efficiency, by improving the 
uniformity of carrier density distribution. 

SOLUTION: This semiconductor laser has a GaAs substrate, an n-type clad layer 
3, and a p-type clad layer 7. The laser also has a multiplex quantum well active 
layer 5 having two or more wells. The clad layers 3 and 5 and active layer 5 are 
constituted of AIGaAs-based materials and thicknesses t1, t2, t3, and t4 of 
barrier layers 14 which constitute the active layer 5 become gradually thicker 
(t1<t2<t3<t4), going farther away from the clad layer 3. 
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CLAIMS 



[Ciaim(s)] 

[Claim 1]A n type clad layer (3), and a p type clad layer (7) and a multiplex quantum well active layer (5) whose number of 
wells is two or more are Included, In a semiconductor laser which comprises a material system with larger band offset 
(deltaEc) by the side of a conducting zone than band offset (deitaEv) by the side of a valence band, A semiconductor 
laser being thick in order as thickness (t1, t2, t3, t4) of a barrier layer (14) which constitutes said multiplex quantum well 
active layer (5) separates from a n type clad layer (3). 

[Claim 2]A n type clad layer (33), and a p type clad layer (37) and a multiplex quantum well active layer (35) whose 
number of wells is two or more are included, In a semiconductor laser which comprises a material system with larger band 
offset (deitaEv) by the side of a valence band than band offset (deltaEc) by the side of a conducting zone, A 
semiconductor laser being thick in order as thickness (t21, t22, t23, t24) of a barrier layer (40) which constitutes said 
multiplex quantum well active layer (35) separates from a p type clad layer (37). 

[Claim 3]In a semiconductor laser characterized by comprising the following, said n type clad layer (3), said p type clad 
layer (7), and said multiplex quantum well active layer (5) comprise AlGaAs system material, A semiconductor laser being 
thick in order as thickness (t1, t2, t3, t4) of a barrier layer (14) which constitutes said multiplex quantum well active layer 
(5) separates from a n type clad layer (3). 
A GaAs substrate (1). 
A n type clad layer (3). 
A p type clad layer (7). 

A multiplex quantum well active layer (5) whose number of wells is two or more. 

[Claim 4]In a semiconductor laser containing an InP substrate (21), and a p type clad layer (27) and a multiplex quantum 
well active layer (25) whose number of wells is two or more, [an type clad layer (23), and ] Said n type clad layer (23) 
and said p type clad layer (27) with InP or AllnGaAs system material. Said multiplex quantum well active layer (25) 
comprises AllnGaAs system material. A semiconductor laser being thick in order as thickness (t1 1, t12, t13, t14) of a 
barrier layer (30) which constitutes said multiplex quantum well active layer (25) separates from a n type clad layer (23). 
[Claim 5]In a semiconductor laser containing an InP substrate (31), and a p type clad layer (37) and a multiplex quantum 
well active layer (35) whose number of wells is two or more, [an type clad layer (33), and ] Said n type clad layer (33), 
said p type clad layer (37), and said multiplex quantum well active layer (35) comprise InGaAsP system material, A 
semiconductor laser being thick in order as thickness (t21, t22, t23, t24) of a barrier layer (40) which constitutes said 
multiplex quantum well active layer (35) separates from a p type clad layer (37). 

[Claim 6]In a semiconductor laser containing a n type clad layer (3), and a p type clad layer (7) and a multiplex quantum 
well active layer (5) whose number of wells is two or more, A semiconductor laser, wherein energy band gaps (Egl, Eg2, 
Eg3, Eg4) of a barrier layer (50) which constitutes said multiplex quantum well active layer (5) differ, respectively. 
[Claim 7]In a semiconductor laser containing a n type clad layer (3), and a p type clad layer (7) and a multiplex quantum 
well active layer (5) whose number of wells is two or more, A semiconductor laser being large in order as an energy band 
gap (Egl, Eg2, Eg3, Eg4) of a barrier layer (50) which constitutes said multiplex quantum well active layer (5) separates 
from a n type clad layer (3). 

[Claim 8]In a semiconductor laser containing a n type clad layer (33), and a p type clad layer (37) and a multiplex quantum 
well active layer (35) whose number of wells is two or more, A semiconductor laser being large in order as an energy band 
gap (Eg21, Eg22, Eg23, Eg24) of a barrier layer (70) which constitutes said multiplex quantum well active layer (35) 
separates from a p type clad layer (37). 

[Claim 9]The semiconductor laser according to claim 7, wherein band offset (deltaEc) by the side of a conducting zone 
comprises a larger material than band offset (deitaEv) by the side of a valence band. 

[Claim 10]The semiconductor laser according to claim 8, wherein band offset (deitaEv) of a valence band comprises a 
larger material than band offset (deltaEc) by the side of a conducting zone. 

[Claim 1 1]A semiconductor laser given in any 1 paragraph of Claims 6-9 characterized by a multiplex quantum well active 
layer (5) comprising AlGaAs system material using GaAs as a substrate (1). 

[Claim 12]A semiconductor laser given in any 1 paragraph of Claims 6-9 characterized by a multiplex quantum well active 
layer (25) comprising AllnGaAs system material using InP as a substrate (21). 

[Claim 13]Claim 6 characterized by a multiplex quantum well active layer (35) comprising InGaAsP system material using 
InP as a substrate (31), a semiconductor laser given in any 1 paragraph of 7, 8, and 10. 

[Claim 14]In a semiconductor laser containing a GaAs substrate (1). and a p type clad layer (7) and a multiplex quantum 
well active layer (5) whose number of wells is two or more, [an type clad layer (3), and ] Said n type clad layer (3), said p 
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type clad layer (7), and said multiplex quantum well active layer (5) comprise AIGaAs system material, A semiconductor 
laser being large in order as an energy band gap (Eg1, Eg2, Eg3, Eg4) of a barrier layer (50) which constitutes said 
multiplex quantum well active layer (5) separates from a n type clad layer (3). 

[Claim 15]In a semiconductor laser containing an InP substrate (21), and a p type clad layer (27) and a multiplex quantum 
well active layer (25) whose number of wells is two or more, [an type clad layer (23), and ] Said n type clad layer (23) 
and said p type clad layer (27) with InP or AlInGaAs system material. Said multiplex quantum well active layer (25) 
comprises AllnGaAs system material, A semiconductor laser being large in order as an energy band gap (Eg1 1, Eg12, 
Eg13, Eg14) of a barrier layer (60) which constitutes said multiplex quantum well active layer (25) separates from a n type 
clad layer (23). 

[Claim 16]In a semiconductor laser containing an InP substrate (31), and a p type clad layer (37) and a multiplex quantum 
well active layer (35) whose number of wells is two or more, [an type clad layer (33), and ] Said n type clad layer (33), 
said p type clad layer (37), and said multiplex quantum well active layer (35) comprise InGaAsP system material, A 

semiconductor laser being large in order as an energy band gap (Eg21, Eg22, Eg23, Eg24) of a barrier layer (70) which 
constitutes said multiplex quantum well active layer (35) separates from a p type clad layer (37). 

[Claim 17]In a semiconductor laser containing a n type clad layer (3), and a p type clad layer (7) and a multiplex quantum 
well active layer (5) whose number of wells is two or more, Band offset (deltaEc) by the side of a conducting zone 
comprises a larger material system than band offset (deltaEv) by the side of a valence band. While being large in order as 

thickness (t31, t32, t33, t34) of a barrier layer (80) which constitutes said multiplex quantum well active layer (5) 
separates from a n type clad layer (3), A semiconductor laser being large in order as an energy band gap (Eg31, Eg32, 
Eg33, Eg34) of a barrier layer (80) separates from a n type clad layer (3). 

[Claim 18]In a semiconductor laser containing a n type clad layer (33), and a p type clad layer (37) and a multiplex 
quantum well active layer (35) whose number of wells is two or more. Band offset (deltaEv) by the side of a valence band 
comprises a larger material system than band offset (deltaEc) by the side of a conducting zone, While being large in order 
as thickness (t51, t52, t53, t54) of a barrier layer (100) which constitutes said multiplex quantum well active layer (35) 
separates from a p type clad layer (37), A semiconductor laser being large in order as an energy band gap (Eg51, Eg52, 
Eg53, Eg54) of a barrier layer (100) separates from a p type clad layer (37). 

[Claim 19]In a semiconductor laser characterized by comprising the following, said n type clad layer (3), said p type clad 
layer (7), and said multiplex quantum well active layer (5) comprise AIGaAs system material, While becoming thick in order 
as thickness (t31, t32. t33, t34) of a barrier layer (80) which constitutes said multiplex quantum well active layer (5) 
separates from a n type clad layer (3), A semiconductor laser being large in order as an energy band gap (Eg31, Eg32, 
Eg33, Eg34) of a barrier layer (80) separates from a n type clad layer (3), 
A GaAs substrate (1). 
A n type clad layer (3). 
A p type clad layer (7). 

A multiplex quantum well active layer (5) whose number of wells is two or more. 

[Claim 20]In a semiconductor laser characterized by comprising the following, said n type clad layer (23) and said p type 
clad layer (27) with InP or AllnGaAs system material. Said multiplex quantum well active layer (25) comprises AllnGaAs 
system material, While becoming thick in order as thickness (t41, t42, t43, t44) of a barrier layer (90) which constitutes 
said multiplex quantum well active layer (25) separates from a n type clad layer (23), A semiconductor laser being large in 
order as an energy band gap (Eg41, Eg42, Eg43, Eg44) of a barrier layer (90) separates from a n type clad layer (23). 
An InP substrate (21). 
A n type clad layer (23). 
A p type clad layer (27). 

A multiplex quantum well active layer (25) whose number of wells is two or more. 

[Claim 21]In a semiconductor laser characterized by comprising the following, said n type clad layer (33), said p type clad 
layer (37), and said multiplex quantum well active layer (35) comprise InGaAsP system material, While becoming thick in 
order as thickness (t51, t52, t53, t54) of a barrier layer (100) which constitutes said multiplex quantum well active layer 
(35) separates from a p type clad layer (37), A semiconductor laser being large in order as an energy band gap (Eg51, 
Eg52, Eg53, Eg54) of a barrier layer (100) separates from a p type clad layer (37). 
An InP substrate (31). 
A n type clad layer (33). 
A p type clad layer (37). 

A multiplex quantum well active layer (35) whose number of wells is two or more. 

[Claim 22]A semiconductor laser given in any 1 paragraph of Claims 1-21, wherein the number of wells of said multiplex 
quantum well active layer is five or more. 

[Claim 23]A semiconductor laser given in any 1 paragraph of Claims 1-22, wherein stripe width of a luminous region in 
said semiconductor active layer is not less than 100 micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to the semiconductor laser used as semiconductor lasers for processing, 
such as an object for ranging which starts a semiconductor laser, for example, constitutes eyes, a laser radar system, etc. 
of a robot, or laser welding. 
[0002] 

[Description of the Prior Art]The multiple quantum well structure (Multiple Quantum WelkMQW) which constitutes an 
active layer from two or more quantum wells is used as a means which reduces the oscillation threshold current of a 
semiconductor laser, or raises luminous efficiency. In this structure, the small well layer of an energy band gap and the 
large barrier layer of an energy band gap are laminated by turns, and are formed. Here, if thickness of a well layer is made 
thin to about 20 nm or less, a quantum effect will show up. The laser of the above-mentioned MOW structure is laser 
using this quantum effect. 

[0003]Usually, in these MQW structures, well layers and barrier layers are made the same, respectively, and the thickness 
and the energy band gap of two or more well layers and a barrier layer form them as indicated by JP,H7--221395,A, for 
example. 
[0004] 

[Problem(s) to be Solved by the Invention]An example of the energy band figure of the structure generally called 
SCH-MQW (SGH:Separate Confinement Heterostructure) is shown in drawing 1 7 . In the n type clad layer side to an 
electron hole, an electron is poured in for the electron and electron hole which are careers into an MQW active layer 
from the p type clad layer side, respectively. The electron and electron hole which were poured in emit light by 
recombining by the well layer in an MQW active layer, and serve as a laser beam. Therefore, in order to acquire an 
efficient laser characteristic, it is necessary to make an electron and an electron hole recombine efficiently. However, 
since the semiconductor laser usually has diode structure of pn junction, the direction of grouting of an electron and an 
electron hole is an opposite direction. That is, an electron hole is poured in from the p type clad layer side to an electron 
being poured in from the n type clad layer side. Therefore, when an active layer is MQW structure, in drawing 17, it 
becomes like drawing 18 as carrier density in the position x= 1 which touches p-light guide layer from the position x= 0 
which touches n-light guide layer In an MQW active layer. Since an electron serves as distribution which inclined toward 
the n type layer side as shown in this drawing 18 , and an electron hole becomes the distribution which inclined toward the 
p type layer side, the recombination rate between electronic-electron holes serves as uneven distribution which serves 
as the maximum in a certain position rather than as shown in drawing 1 9 . is uniform within an active layer. The 
heterogeneity of such distribution becomes the cause of reducing a laser characteristic. In order to change with the size 
relation of band offset (conducting-zone side: deltaEc, valence-band side deltaEv), it is necessary to design the shape of 
distribution appropriately according to material. 

[0005]Then, the purpose of this invention raises the homogeneity of carrier density distribution, and there is threshold 

current in providing the semiconductor laser which can obtain low efficient laser. 

[0006] 

[Means for Solving the Problem]In a semiconductor laser containing a n type clad layer, a p type clad layer, and a 
multiplex quantum well active layer whose number of wells is two or more, band offset by the side of a conducting zone is 
constituted from an invention of Claim 1 by larger materia! (delta Ec>delta Ev) than band offset by the side of a valence 
band. In such a material system, since a potential barrier by the side of a conducting zone is expensive, it has become a 
career by the side of a conducting zone, i.e., structure where electronic one is hard to be poured in into a multiplex 
quantum well active layer. Therefore, thickness of a barrier layer by the side of a n type clad layer is made thin, and an 
electron makes it be easy to be poured in to the p type clad layer side by thickening gradually so that an electron may be 
poured in efficiently. As a result, the homogeneity of carrier density distribution of an electron can improve further, and, 
as a result, can make threshold current low more effectively, and efficient laser can be obtained. 
[0007]In a semiconductor laser containing a n type clad layer, a p type clad layer, and a multiplex quantum well active 
layer whose number of wells is two or more, band offset by the side of a valence band is constituted from an invention of 
Claim 2 by larger material (delta Ec<delta Ev) than band offset by the side of a conducting zone. In such a materia! 
system, since a potential barrier by the side of a valence band is expensive, it has become a career by the side of a 
valence band, i.e.. structure where a direction of an electron hole is hard to be poured in into a multiplex quantum well 
active layer. Therefore, thickness of a barrier layer by the side of a p type clad layer is made thin, and an electron hole is 
carrying out by thickening gradually that it is easy to be poured in to the n type clad layer side so that an electron hole 
may be poured in efficiently. As a result, the homogeneity of carrier density distribution of an electron hole can improve 
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further, and, as a result, can make threshold current low more effectively, and efficient laser can be obtained. 
[0008]A multiplex quantum well active layer is constituted from an invention of Claim 3 by AIGaAs system material on a 
GaAs substrate. In this material, since band offset by the side of a conducting zone is larger than band offset by the side 
of a valence band, it has structure where electronic one is hard to be poured in into a multiplex quantum well active layer. 
Therefore, about an electron, since the barrier layer near a n type clad layer is thin, it becomes easy to carry out 
tunneling by forming thickly in order, as thickness of a barrier layer which constitutes a multiplex quantum well active 
layer separates from a n type clad layer (it becomes easy to pass). As a result, the homogeneity of recombination rate 
distribution between electronic-electron holes can improve because the homogeneity of carrier density distribution of an 
electron in an active layer mainly improves, and laser with it can be obtained. [ low threshold current and ] [ efficient ] 
[0009]A multiplex quantum well active layer is constituted from an invention of Claim 4 by AlInGaAs system material on 
an InP substrate. In this material system, band offset by the side of a conducting zone is larger than band offset by the 
side of a valence band. Therefore, the same operation and effect as Claim 3 can be acquired by forming thickly in order 
as thickness of a barrier layer which constitutes a multiplex quantum well active layer separates from a n type clad layer. 
[001 0]A multiplex quantum well active layer is constituted from an invention of Claim 5 by InGaAsP system material on an 
InP substrate. In this material system, since band offset by the side of a valence band is larger than band offset by the 
side of a conducting zone, it has structure where a direction of an electron hole is hard to be poured in into a multiplex 
quantum well active layer. Therefore, about an electron hole, since the barrier layer near a p type clad layer is thin, it 
becomes easy to carry out tunneling by forming thickly in order, as thickness of a barrier layer which constitutes a 
multiplex quantum well active layer separates from a p type clad layer (it becomes easy to pass). As a result, the 
homogeneity of recombination rate distribution between electronic-electron holes can improve because the homogeneity 
of carrier density distribution of an electron hole in an active layer mainly improves, and laser with it can be obtained. [ 
low threshold current and ] [ efficient ] 

[001 1]In an invention of Claim 6, it is considered as structure which differs in an energy band gap of a barrier layer which 
constitutes a multiplex quantum well active layer in a semiconductor laser containing a n type clad layer, a p type clad 
layer, and a multiplex quantum well active layer whose number of wells is two or more, respectively. Therefore, since a 
conducting-zone and valence-band side can design suitable for each so that distribution of carrier density of an electron 
and an electron hole may become uniform according to a component, laser with it can be obtained. [ low threshold 
current and ] [ efficient ] 

[0012]In a semiconductor laser which contains a n type clad layer, a p type clad layer, and a multiplex quantum well 
active layer whose number of wells is two or more in an invention of Claim 7, It is characterized by being large in order as 

energy band gap of a barrier layer which constitutes a multiplex quantum well active layer separates from a n type 
clad layer. About an electron, since the energy band gap of a barrier layer near a n type clad layer is small, it becomes 
that it is easy to be poured in to the next weii layer. Therefore, the homogeneity of recombination rate distribution 
between electronic-electron holes can improve because the homogeneity of carrier density distribution of an electron in 
an active layer mainly improves, and laser with it can be obtained. [ low threshold current and ] [ efficient ] 
[0013]In a semiconductor laser which contains a n type clad layer, a p type clad layer, and a multiplex quantum well 
active layer whose number of wells is two or more in an invention of Claim 8, It is characterized by being large in order as 
an energy band gap of a barrier layer which constitutes a multiplex quantum well active layer separates from a p type 
clad layer. About an electron hole, since the energy band gap of a barrier layer near a p type clad layer is small, it 
becomes that it is easy to be poured in to the next well layer. Therefore, the homogeneity of recombination rate 
distribution between electronic-electron holes can improve because the homogeneity of carrier density distribution of an 
electron hole in an active layer mainly improves, and laser with it can be obtained. [ low threshold current and ] [ efficient 
] 

[0014]In the invention according to claim 7, band offset by the side of a conducting zone is constituted from an invention 
of Claim 9 by larger material than band offset by the side of a valence band. In such a material system, since a potential 
barrier by the side of a conducting zone is expensive, it has become a career by the side of a conducting zone, i.e., 
structure where electronic one is hard to be poured in into a multiplex quantum well active layer. Therefore, an electron 
Is made easy to pour in to the p type clad layer side by making small an energy band gap of a barrier layer of a side near 
a n type clad layer, and enlarging it gradually so that an electron may be poured in efficiently. As a result, when the 
homogeneity of carrier density distribution of an electron in an active layer mainly improves, the homogeneity of 
recombination rate distribution between electronic-electron holes can improve, and laser with it can be obtained. [ low 
threshold current and ] [ efficient ] 

[001 5]ln the invention according to claim 8, band offset by the side of a valence band is constituted from an invention of 
Claim 10 by larger material than band offset by the side of a conducting zone. In such a material system, since a potential 
barrier by the side of a valence band is expensive, it has become a career by the side of a valence band, i.e., structure 
where a direction of an electron hole is hard to be poured in into a multiplex quantum well active layer. Therefore, an 
electron hole is made easy to pour in to the n type clad layer side by making small an energy band gap of a barrier layer 
of a side near a p type clad layer, and enlarging It gradually so that an electron hole may be poured in efficiently. As a 
result, when the homogeneity of carrier density distribution of an electron hole in an active layer mainly improves, the 
homogeneity of recombination rate distribution between electronic-electron holes can improve, and laser with it can be 
obtained. [ low threshold current and ] [ efficient ] 

[0016]ln an invention of Claim 11, in the semiconductor laser according to claim 6 to 9, since a multiplex quantum well 
active layer comprises AIGaAs system material, using GaAs as a substrate, band offset by the side of a conducting zone 
is larger than band offset by the side of a valence band. With this material composition, it has structure where electronic 
one is hard to be poured in into a multiplex quantum well active layer. Therefore, by changing an energy band gap of each 
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barrier layer of a multiplex quantum well active layer, carrier density distribution of an electron can mainly be considered 
as distribution nearer to homogeneity, and, as a result, low efficient laser of threshold current can be obtained. 
[0017]In an invention of Claim 12. in the semiconductor laser according to claim 6 to 9, since a multiplex quantum well 
active layer comprises AllnGaAs system material, using InP as a substrate, band offset by the side of a conducting zone 
is larger than band offset by the side of a valence band. With this material composition, it has structure where electronic 
one is hard to be poured in into a multiplex quantum well active layer. Therefore, by changing an energy band gap of each 
barrier layer of a multiplex quantum well active layer, carrier density distribution of an electron can mainly be considered 
as distribution nearer to homogeneity, and, as a result, low efficient laser of threshold current can be obtained. 
[0018]ln an invention of Claim 13, in Claim 6 and a semiconductor laser given in 7, 8, and 10, since a multiplex quantum 
well active layer comprises InGaAsP system material, using InP as a substrate, band offset by the side of a valence band 
is larger than band offset by the side of a conducting zone. With this material composition, it has structure where a 
direction of an electron hole is hard to be poured in into a multiplex quantum well active layer. Therefore, by changing an 
energy band gap of each barrier layer of a multiplex quantum well active layer, carrier density distribution of an electron 
hole can mainly be considered as distribution nearer to homogeneity, and, as a result, low efficient laser of threshold 
current can be obtained. 

[001 9]A multiplex quantum well active layer is constituted from an invention of Claim 14 by AIGaAs system material on a 
GaAs substrate. In this material system, since band offset by the side of a conducting zone is larger than band offset by 
the side of a valence band, it has structure where electronic one is hard to be poured in into a multiplex quantum well 
active layer. Therefore, by making it become large in order as an energy band gap of a barrier layer which constitutes a 
multiplex quantum well active layer separates from a n type clad layer about an electron. Since the energy band gap of a 
barrier layer near a n type clad layer is small, it is easy to be poured in to the next well layer. As a result, the 
homogeneity of recombination rate distribution between electronic-electron holes can improve because the homogeneity 
of carrier density distribution of an electron in an active layer mainly improves, and laser with it can be obtained. [ low 
threshold current and ] [ efficient ] 

[0020]A multiplex quantum well active layer is constituted from an invention of Claim 15 by AllnGaAs system material on 
an InP substrate. In this material system, since band offset by the side of a conducting zone is larger than band offset by 
the side of a valence band, it has structure where electronic one is hard to be poured in into a multiplex quantum well 
active layer. Therefore, the same operation and effect as Claim 14 can be acquired by making it become large in order as 
an energy band gap of a barrier layer which constitutes a multiplex quantum well active layer separates from a n type 
clad layer. 

[0021]A multiplex quantum well active layer is constituted from an invention of Claim 16 by InGaAsP system material on 
an InP substrate. In this material system, since band offset by the side of a valence band is larger than band offset by the 
side of a conducting zone, it has structure where a direction of an electron hole is hard to be poured in into a multiplex 
quantum well active layer. Therefore, by making it become large in order as an energy band gap of a barrier layer which 
constitutes a multiplex quantum well active layer separates from a p type clad layer about an electron hole. Since the 
energy band gap of a barrier layer near a p type clad layer Is small, it becomes that it is easy to be poured in to the next 
well layer. As a result, the homogeneity of recombination rate distribution between electronic-electron holes can improve 
because the homogeneity of carrier density distribution of an electron hole in an active layer mainly improves, and laser 
with It can be obtained. [ low threshold current and ] [ efficient ] 

[0022]In an invention of Claim 1 7, an effect of both Inventions according to claim 1 and the inventions according to claim 

7 is aimed at. Namely, in a semiconductor laser containing a n type clad layer, a p type clad layer, and a multiplex 
quantum well active layer whose number of wells is two or more, While forming thickly in order thickness of a barrier layer 
which band offset by the side of a conducting zone is constituted from band offset by the side of a valence band by large 
material system, and constitutes a multiplex quantum well active layer as it separates from a n type clad layer. An energy 
band gap of a barrier layer is enlarged in order as it separates from a n type clad layer. With this material composition, 
since a potential barrier by the side of a conducting zone is expensive, it has become a career by the side of a 
conducting zone, i.e., structure where electronic one is hard to be poured in into a multiplex quantum well active layer. 
Then, pouring to the next well layer is more effectively performed about an electron by changing both thickness of a 
barrier layer of a multiplex quantum well active layer, and an energy band gap, as mentioned above. As a result, the 
homogeneity of recombination rate distribution between electronic-electron holes can improve because the homogeneity 
of carrier density distribution of an electron in an active layer mainly improves, and laser with it can be obtained. [ low 
threshold current and ] [ efficient ] 

[0023]In an invention of Claim 18, an effect of both inventions according to claim 2 and the inventions according to claim 

8 is aimed at. Namely, in a semiconductor laser containing a n type clad layer, a p type clad layer, and a multiplex 
quantum well active layer whose number of wells is two or more. While forming thickly in order thickness of a barrier layer 
which band offset by the side of a valence band is constituted from band offset by the side of a conducting zone by large 
material system, and constitutes a multiplex quantum well active layer as it separates from a p type clad layer. An energy 
band gap of a barrier layer is enlarged in order as it separates from a p type clad layer. With this material composition, 
since a potential barrier by the side of a valence band is expensive, it has become a career by the side of a valence band. 
I.e., structure where a direction of an electron hole Is hard to be poured in into a multiplex quantum well active layer. 
Then, pouring to the next well layer is more effectively performed about an electron hole by changing both thickness of a 
barrier layer of a multiplex quantum well active layer, and an energy band gap, as mentioned above. As a result, the 
homogeneity of recombination rate distribution between electronic-electron holes can improve because the homogeneity 
of carrier density distribution of an electron hole in an active layer mainly improves, and laser with it can be obtained. [ 
low threshold current and ] [ efficient ] 
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[0024]In an invention of Claim 1 9. an effect of both inventions according to claim 3 and the inventions according to claim 

14 is aimed at. Namely, in a semiconductor laser containing a GaAs substrate, a n type clad layer, a p type clad layer, and 
a multiplex quantum well active layer whose number of wells is two or more. While forming thickly in order thickness of a 
barrier layer which a n type clad layer, a p type clad layer, and a multiplex quantum well active layer comprise AIGaAs 
system material, and constitutes a multiplex quantum well active layer as it separates from a n type clad layer, An energy 
band gap of a barrier layer is enlarged in order as it separates from a n type clad layer. With this material composition, 
since a potential barrier by the side of a conducting zone is expensive, it has become a career by the side of a 
conducting zone, i.e., structure where electronic one is hard to be poured in into a multiplex quantum well active layer. 
Then, pouring to the next well layer is more effectively performed about an electron by changing both thickness of a 
barrier layer of a multiplex quantum well active layer, and an energy band gap, as mentioned above. As a result, the 
homogeneity of recombination rate distribution between electronic-electron holes can improve because the homogeneity 
of carrier density distribution of an electron in an active layer mainly improves, and laser with it can be obtained. [ low 
threshold current and ] [ efficient ] 

[0025]In an invention of Claim 20, an effect of both inventions according to claim 4 and the inventions according to claim 

15 is aimed at. Namely, in a semiconductor laser containing an InP substrate, a n type clad layer, a p type clad layer, and 
a multiplex quantum well active layer whose number of wells is two or more, a n type clad layer and a p type clad layer 
with InP or AllnGaAs system material. While forming thickly in order thickness of a barrier layer which a multiplex quantum 
well active layer comprises AUnGaAs system material, and constitutes a multiplex quantum well active layer as it 
separates from a n type clad layer, An energy band gap of a barrier layer is enlarged in order as it separates from a n 
type clad layer. With this material composition, since a potential barrier by the side of a conducting zone is expensive, it 
has become a career by the side of a conducting zone, i.e., structure where electronic one is hard to be poured in into a 
multiplex quantum well active layer. Then, pouring to the next well layer is more effectively performed about an electron 
by changing both thickness of a barrier layer of a multiplex quantum well active layer, and an energy band gap, as 
mentioned above. As a result, the homogeneity of recombination rate distribution between electronic-electron holes can 
improve because the homogeneity of carrier density distribution of an electron in an active layer mainly improves, and 
laser with it can be obtained. [ low threshold current and ] [ efficient ] 

[0026]ln an invention of Claim 21, an effect of both inventions according to claim 5 and the inventions according to claim 

16 is aimed at. Namely, in a semiconductor laser containing an InP substrate, a n type clad layer, a p type clad layer, and 
a multiplex quantum well active layer whose number of wells is two or more. While forming thickly in order thickness of a 
barrier layer which a n type clad layer, a p type clad layer, and a multiplex quantum well active layer comprise InGaAsP 
system material, and constitutes a multiplex quantum well active layer as it separates from a p type clad layer, An energy 
band gap of a barrier layer is enlarged in order as it separates from a p type clad layer. With this material composition, 
since a potential barrier by the side of a valence band is expensive, it has become a career by the side of a valence band, 
i.e., structure where a direction of an electron hole is hard to be poured in into a multiplex quantum well active layer. 
Then, pouring to the next well layer is more effectively performed about an electron hole by changing both thickness of a 
barrier layer of a multiplex quantum well active layer, and an energy band gap, as mentioned above. As a result, the 
homogeneity of recombination rate distribution between electronic-electron holes can improve because the homogeneity 
of carrier density distribution of an electron hole in an active layer mainly improves, and laser with it can be obtained. [ 
low threshold current and ] [ efficient ] 

[0027]In an invention of Claim 22, the number of wells of a multiplex quantum well active layer is made or more into five in 
the semiconductor laser according to any one of claims 1 to 21. Therefore, a semiconductor laser of high power can be 
obtained, without a career poured in into a multiplex quantum well active layer at the time of a high current drive 
overflowing. 

[0028]since stripe width of a luminous region of a semiconductor active layer is not less than 100 micrometers in an 
Invention of Claim 23 in the semiconductor laser according to any one of claims 1 to 22 — several — pulse current of 
IDA — several — a high power semiconductor laser of a 10W class can be obtained. 

[0029] 

[Embodiment of the lnvention](A 1st embodiment) A 1st embodiment that materialized this invention is hereafter 
described based on Drawings. 

[0030]The section structure of the high power semiconductor laser in this embodiment is shown in drawing 1 . The energy 
band figure near the active layer of the high power semiconductor laser of this embodiment is shown in drawing 2. 
[0031]ln drawing 1 . The active layer 5 which consists of n-GaAs buffer layer 2, the n-aluminumQ 4GaQ qAs cladding layer 
3. the n-aluminumo 2^30 8^^ ^'Sht guide layer 4, and alumlnumQ gGaQ gAs/GaAs multiple quantum well structure on 
n-GaAs substrate 1. The p-aluminumg 2^30.8^® ^'^^^^ S^'^® '^^^^ ^' p-aluminumQ ^GaQ qAs cladding layer 7, and the 
p-GaAs cap layer 8 are laminated in order. As the active layer 5 Is shown in drawing 2. aluminumQ 2^^0.8^® 
laminated by turns, and 5 stratification of four layers and the GaAs is carried out for aluminumg 2GaQ gAs. In this case, 
small GaAs of an energy band gap serves as the well layer 1 3, and large aluminumQ 2GaQ gAs of an energy band gap 
serves as the barrier layer 14, In drawing 1 . The n-aluminumQ 4GaQ gAs cladding layer 3. The n-aluminumQ 2GaQ gAs light 
guide layer 4, MQW active layer 5, the p-aluminumQ 2GaQ gAs light guide layer 6, the p-aluminumQ 4Gao qA® cladding layer 
7, and the p-GaAs cap layer 8 serve as mesa. While the insulator layer 9 is formed in the upper surface of this mesa part 
and n-GaAs buffer layer 2, the window part 9a is formed in the upper surface (upper surface of the p-GaAs cap layer 8) 
of the mesa part in the insulator layer 9. On the insulator layer 9 including this window part 9a. the p type electrode 10 
which consists of Cr/Pt/Au is formed. 
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[0032]As for the thickness of n-GaAs buffer layer 2, the thickness of 1 micrometer and the n-aluminumg 2^^0.8^^ ^^^^^ 

guide layer 4 of the thickness of 500 nm and the n-aluminum^ 4GaQ qAs cladding layer 3 is 1 micrometer. 

[0033]In order as are shown in drawing 2 a nd the thickness t1 of aluminumQ gGao.S^^ ^^'^•^ '® barrier layer 14, t2, t3, 

and t4 separate from the n-aluminumQ 4GaQ gAs cladding layer 3 in the active layer 5 t1=3nm, t2=4nm, t3=5nm, It forms 1 

nm at a time thickly with t4=6nm. About the thickness of GaAs well layer 13 in the active layer 5, it is 12 nm respectively, 

and much more thickness is constant. Therefore, the total thickness of the active layer 5 is 78 nm. 

[0034]As for the thickness of the p-aluminumo ^G^cs^^ •'^'^^ ^uide layer 6 of drawing 1, the thickness of 1 micrometer 

and the p-GaAs cap layer 8 of the thickness of 1 micrometer and the p-aluminumQ 4GaQ gAs cladding layer 7 is 0.8 

micrometer. 

[0035]On the other hand, the n type electrode 1 1 which consists of AuGe/nickel/Au is formed in the rear face of 
n-GaAs substrate 1, and n-GaAs substrate 1 and ohmic contact are taken. Au / Sn layer 12 as a jointing material are 
formed in the surface of this n type electrode 1 1 , and the plinth of a semiconductor laser element, Gu which is not 
illustrated, or the product made from Fe is joined by this. 

[00363Next, the manufacturing method of this high power semiconductor laser is explained, first. On n-GaAs substrate 1 
in drav>/ing 1 . by the MBE (Molecular Beam Epitaxy) method, the MOGVD (Metal Organic Chemical Vapor Deposition) 
method, etc. The n-GaAs buffer layer 2. n-aluminump 4GaQ gAs cladding layer 3. and n-aluminumQ ^GaQ gAs light guide 
layer 4, the active layer 5 which consists of aluminumQ 2GaQ gAs/GaAs multiple quantum well structure, The 
p-aluminumQ 2^^o s^s light guide layer 6, the p-aluminumQ 4033 gAs cladding layer 7, and the p-GaAs cap layer 8 are 
laminated one by one. Then, a mesa part is formed by etching. 

[0037]Then, the insulator layer 9 which becomes the upper surface of n-GaAs buffer layer 2 and a mesa part from Si02 
is formed with plasma CVD method, and **** opium poppy ****** 9a is formed by etching. The width of this window part 
9a turns into stripe width (stripe width of the luminous region in an active layer). Then, the p type electrode 10 which 
consists of Cr/Pt/Au (15 nm of thickness/300 nm/600 nm) is formed with electron beam evaporation method on the 
insulator layer 9, it heat-treats in about 360 **, and ohmic contact is taken. Ti/Pt/Au etc. may be used for others as a 
material of the p type electrode 10. 

[0038]It heat-treats by forming in the rear face of n-GaAs substrate 1 the n type electrode 11 which consists of 
AuGe/nickel/Au with electron beam evaporation method, and an ohmic electrode is taken. Then, Au / Sn layer 12 is 
formed with electron beam evaporation method. Cleavage of the end face is carried out to the last, and it is considered 
as a semiconductor laser chip. 

[0039]The sizes of this high power semiconductor laser (semiconductor laser chip) in every direction are 500 
micrometers x 800 micrometers, and stripe width is 400 micrometers. In the high power semiconductor laser of tens of 
ClassW, in order to obtain high power, not less than at least 100 micrometers of stripe width of the electrode for sending 
current are required for an element. 

[0040]The multiplex quantum well active layer 5 is constituted from this embodiment by AIGaAs system material. That is, 
In aluminum^Ga. ^As, the well layer 13 is GaAs of x= 0, and the barrier layer 14 is aluminumQ gGaQ gAs of x= 0.2. 
Therefore, as drawing 2 shows, band offset deltaEc by the side of a conducting zone is larger than band offset deltaEv by 
the side of a valence band. Therefore, since the potential barrier by the side of a conducting zone is the structure where 
electronic one Is hard to be poured in into MQW highly, By forming thickly in order as the thickness t1 of the barrier layer 
14 in MQW, t2, t3, and t4 separate from the n-AIGaAs cladding layer 3. (t1<t2<t3<t4), An electron can pour in efficiently 
(an electron being easy to be poured in to the p type clad layer 7 side), and can consider it as distribution nearer to 
homogeneity. That is, since the barrier layer near [ electron ] the n type clad layer 3 is thin, it becomes easy to carry out 
tunneling (become easy to pass), and the homogeneity of carrier density distribution of the electron in an active layer 
mainly improves. As a result, the recombination rate of an electron and an electron hole serves as uniformly near 
distribution, and can obtain efficient laser with low threshold current. 

[0041]The simulation result of the recombination rate distribution by the simulation result of carrier density distribution of 
an electron and an electron hole in drawing 3 is shown in drawing 4 . Drawing 3 and the horizontal axis in 4 are the 
positions x in an active layer (refer to drawing 2) . set to x= 0 the position which touches the n-light guide layer 4. and are 
setting to x= 1 the position which touches the p-light guide layer 6. 

[0042]The simulation calculated the carrier density of the electron and the electron hole with the model simplified like a 
following formula as Dg(x) and D^(x), respectively. 
De(x)=1/alphag and [l-exp(-alphag)] *exp[-alphagx] 
... (1) 

Dh(x)=1/alpha^^ and [l-exp(-alphah)] *exp[-alphah(1-x)] 
... (2) 

However, the damping coefficient of electron density and alpha^ of alpha^ are the damping coefficients of hole density. 
[0043]The recombination rate between electronic-electron holes was calculated noting that it was restricted by the 
smaller one among the densities of the electron calculated by the above (1) and (2) formulas, and an electron hole. Here, 
pouring of an electron and an electron hole is carried out by changing parameter alpha^ of calculation, and alpha^, and it 
can express easy quantitatively (in this calculation, it was referred to as aipha3=alphah=0.2 and it is assumed that career 
pouring of an electron is the same as career pouring of an electron hole). 

[0044]lt has checked doing the following effects so by changing the thickness of a barrier layer in order and forming it in 
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an MOW active layer, from drawing 3 and the simulation result shown in 4. 

[0045]First, drawing 3 is compared with drawing 18 . Drawing 1 8 is a simulation result at the time of seting thickness of a 
barrier layer constant like drawing 1 7 . Compared with drawing 1 8 . as for drawing 3 . carrier density distribution of an 
electron and an electron hole becomes near uniformly. Next, drawing 4 is compared with drawing 19. Drawing 19 is a 
simulation result at the time of seting thickness of a barrier layer constant like drawing 1 7. Compared with drawing 1 9 , the 
recombination rate distribution between electronic-electron holes is equalizing drawing 4. As a result, when the structure 
of this embodiment is applied as a laser device, laser with it can be obtained. [ low threshold current and ] [ efficient ] 
[0046]what stripe length shall be not less than 100 micrometers — several — in the pulse current of 10A — several 
the laser beam of a 10W class can be obtained. As explained in full detail above, according to this embodiment, 
recombination rate distribution of the career within an MQW active layer can be made uniform by making the density 
distribution of an electron and an electron hole become uniform distribution according to band offset peculiar to material. 
Therefore, when this structure is applied to a semiconductor laser, an efficient laser characteristic can be acquired with 
low threshold current. 

[0047]The semiconductor laser of high power can be obtained by making the number of wells of a multiplex quantum well 
active layer or more into five, without the career poured in into the multiplex quantum well active layer at the time of a 
high current drive overflowing, what the stripe width of the luminous region of a semiconductor active layer shall be not 
less than 100 micrometers although stated above — several — the pulse cun^ent of IDA ~ several — the high power 

semiconductor laser of a 10W class can be obtained. 

(A 2nd embodiment), next a 2nd embodiment are described focusing on a point of difference with a 1st embodiment. 
[0048]The sectional view of the high power semiconductor laser in this embodiment is shown in drawing 5. The energy 
band figure near the active layer of the high power semiconductor laser of this embodiment is shown In drawing 6. 
[0049]In drawing 5 . On n-lnP substrate 21, n-lnP buffer layer 22, The n-InP cladding layer 23 and 

n-aluminumo 23^^0 SS^^O 24^® ''^ht guide layer 24, the active layer 25 which consists of AlInGaAs multiple quantum well 
structure, the p-aluminumo 23Ino.53Gao.24As Hght guide layer 26, The p-lnP cladding layer 27 and the p-InGaAs cap layer 
28 are laminated in order. The n type clad layer 23 and the p type clad layer 27 may use AlInGaAs system material. As 
the active layer 25 is shown in drawing 6 . the AlInGaAs well layer 29 and the AlInGaAs barrier layer 30 are arranged by 
turns. In aluminumxlnyGai_^_yAs, the well layers 29 of a concrete presentation are x= 0 and y= 0.53, and the barrier 

layers 30 are x= 0.23 and y= 0.53. 

[0050]Thus, InP substrate 21, the n type clad layer 23, and the p type clad layer 27, Are a semiconductor laser containing 
the multiplex quantum well active layer 25 whose number of wells is two or more, and the n type clad layer 23 and the p 
type clad layer 27 with InP (or AlInGaAs) system material. The multiplex quantum well active layer 25 comprises AlInGaAs 
system material (aluminumj^lnyGai_^_yAs). And it is thick In order as the thickness t1 1 of the barrier layer 30 which 
constitutes the multiplex quantum well active layer 25, t12, t13, and t14 separate from the n type clad layer 23 
(t11<t12<t13<t14). 

[0051]In the semiconductor laser of this embodiment which used AlInGaAs system material as the multiplex quantum well 
active layer 25 on InP substrate 21 like the above. Band offset deltaEc by the side of a conducting zone Is larger than 
band offset deltaEv by the side of a valence band. By forming thickly in order the thickness of the barrier layer 30 which 
constitutes the multiplex quantum well active layer 25 as it separates from the n type clad layer 23. the same operation 
and effect as a 1st embodiment can be acquired. 

(A 3rd embodiment), next a 3rd embodiment are described focusing on a point of difference with a 1st embodiment. 
[0052]The sectional view of the high power semiconductor laser in this embodiment is shown in drawing 7. The energy 
band figure near the active layer of the high power semiconductor laser of this embodiment is shown in drawing 8 . 
[0053]The active layer 35 which becomes from n-InP buffer layer 32, the n-InP cladding layer 33. the n-InGaAsP light 
guide layer 34 of the presentation used as energy band gap Eg=1.05eV, and InGaAsP/InGaAs multiple quantum well 
structure at the n-InP substrate 31 top, Energy band gap Eg = the p-InGaAsP light guide layer 36 of the presentation 
used as 1.05 eV, the p-InP cladding layer 37, and the p-InGaAs cap layer 38 are laminated in order. InGaAsP of the 
presentation from which the active layer 35 is set to energy band gap Eg=1-05eV, and InQ.ssGaQ 47AS are laminated by 
turns, and 5 stratification of four layers and the Ino.53Gao 47AS is carried out for InGaAsP. In this case, small 

ggGao 47AS (Eg = 0.75 eV) of an energy band gap serves as the well layer 39, and large InGaAsP (Eg = 1 .05 eV) of an 
energy band gap serves as the barrier layer 40. The n-InP cladding layer 33, the n-lnGaAsP light guide layer 34, MQW 
active layer 35, the p-InGaAsP light guide layer 36, the p-InP cladding layer 37, and the p-lnGaAs cap layer 38 serve as 



mesa. 



[0054]As for the thickness of n-InP buffer layer 32, the thickness of 1 micrometer and the n-InGaAsP light guide layer 34 
of the thickness of 500 nm and the n-InP cladding layer 33 is 1 micrometer. In the active layer 35, it forms 1 nm at a time 
thickly in order with t21=3nm, t22=4nm, t23=5nm, and t24=6nm as the thickness t21 of InGaAsP which Is the barrier layer 
40, t22, t23, and t24 separate from the p-InP cladding layer 37. The thickness of the InGaAs well layer 39 in the active 
layer 35 is 12 nm respectively, and much more thickness is constant. Therefore, the total thickness of the active layer 35 
is 78 nm. 

[0055]As for the thickness of the p-lnGaAsP light guide layer 36, the thickness of 1 micrometer and the p-InGaAs cap 
layer 38 of the thickness of 1 micrometer and the p-InP cladding layer 37 is 0.8 micrometer. 

[0056]The n type electrode 11 which consists of AuGe/nickel/Au is formed in the rear face of n-InP substrate 31, and 
n-InP substrate 31 and ohmic contact are taken. Au / Sn layer 12 as a jointing material are formed in the surface of this 
n type electrode 11, and the plinth of a semiconductor laser element, Cu which Is not illustrated, or the product made 
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from Fe is joined by this. 

[00573The sizes of this high power semiconductor laser in every direction are 500 micrometers x 800 micrometers, and 
stripe width is 400 micrometers. In the high power semiconductor laser of tens of CiassW, in order to obtain high power, 
not less than at least 100 micrometers of stripe width of the electrode for sending current are required for an element. 
[0058]The multiplex quantum weil active layer is constituted from this embodiment by InGaAsP system material. That is, 
in In5^Ga^_j^ASyPi_y, the well layers 39 are x= 0.53 and Ihq sgGaQ 47AS of y= 1, and the barrier layer 40 is InGaAsP of x= 

0.79 and y= 0.45. Therefore, band offset deltaEv by the side of a valence band is larger than band offset deltaEc by the 
side of a conducting zone (delta Ec<delta Ev). Therefore, since it is the career by the side of a valence band, i.e., the 
structure where the direction of an electron hole is hard to be poured in into MQW, By forming thickly in order as the 
thickness t21 of the barrier layer 40 in MQW, t22, t23, and t24 separate from the p-lnP cladding layer 37, 
(t21<t22<t23<t24). An electron hole can pour in efficiently (an electron hole being easy to be poured in to the n type clad 
layer 33 side), and can consider carrier density distribution of an electron hole as distribution nearer to homogeneity. 
That is, since the barrier layer near [ electron hole ] the p type clad layer 37 is thin, it becomes easy to carry out 
tunneling (become easy to pass), and the homogeneity of carrier density distribution of the electron hole in an active 
layer mainly improves. As a result, the recombination rate of an electron and an electron hole serves as uniformly near 
distribution, and can obtain efficient laser with low threshold current. 

[0059]That is, it turns out that a result shown in drawing 3 and drav^/ing 4 will be brought if the simulation of carrier 
density distribution and the recombination rate is carried out like a 1st embodiment also in this embodiment, and a 
recombination rate serves as uniformly near distribution. As a result, efficient laser can be obtained with low threshold 
current. 

{0060] what stripe length shall be not less than 100 micrometers — several — in the pulse current of 10A — several — 
the laser beam of a 10W class can be obtained. 

(A 4th embodiment), next a 4th embodiment are described focusing on a point of difference with a 1st embodiment. 
[0061]The energy band figure near the active layer of the high power semiconductor laser in this embodiment is shown in 
drawing 9 . In the multiplex quantum well active layer 5 at this embodiment. It forms so that it may become large every [ 
0.04 ] in order with x= 0.04, 0.08, 0.12, and 0.16, as Al composition ratio x of aluminum^Ga^.^^As which is the barrier layer 

50 separates from the n-aluminumQ 4GaQ qAs cladding layer 3. At this time, thickness of the barrier layer 50 is set 
constant at 4 nm. Thus, it has composition from which energy band gap Egl of the barrier layer 50, Eg2, Eg3, and Eg4 
change in order like drawing 9 by changing Al composition ratio. That is, it is large in order as energy band gap Eg1 of the 
barrier layer 50, Eg2, Eg3, and Eg4 separate from the n type clad layer 3 (Egl <Eg2<Eg3<Eg4). Other composition and 
thickness are the same as that of a 1st embodiment. 

[0062]Also in such composition, the same effect as a 1st embodiment can be acquired. That is, since band offset deltaEc 
by the side of a conducting zone comprises a larger material than band offset deltaEv by the side of a valence band also 
In this composition, the potential barrier by the side of a conducting zone is expensive, and electronic one has material 
composition which is hard to be poured in into an MQW active layer. Therefore, the electron is made easy to pour in to 
the p type clad layer 7 side by making small the energy band gap of the barrier layer 50 of the side near [ In this 
embodiment ] the n type clad layer 3, and enlarging it gradually. That is, the electron is made easy to pour in to the p 
type clad layer 7 side by making small the energy band gap of the barrier layer of the side near the n type clad layer 3, 
and enlarging it gradually so that an electron may be poured in efficiently. As a result, when the homogeneity of carrier 
density distribution of the electron in the active layer 5 mainly Improves like a 1st embodiment, the homogeneity of the 
recombination rate distribution between electronic-electron holes can improve, and laser with it can be obtained. [ low 
threshold current and ] [ efficient ] 

(A 5th embodiment), next a 5th embodiment are described focusing on a point of difference with a 2nd embodiment. 
[0063]The energy band figure near the active layer of the high power semiconductor laser in this embodiment is shown in 
drawing 1 0 . The n type clad layer 23 and the p type clad layer 27 with InP (or AlInGaAs) system material. The multiplex 
quantum well active layer 25 comprises AlInGaAs system material, It Is large in order as energy band gap Eg1 1 of the 
barrier layer 60 which constitutes the multiplex quantum well active layer 25, Egl 2, Egl 3, and Egl 4 separate from the n 
type clad layer 23 (Egl 1<Eg12<Eg13<Eg14). 

[0064]Thus, also in this embodiment, band offset deltaEc by the side of a conducting zone is larger than band offset 
deltaEv by the side of a valence band, and it has the structure where electronic one is hard to be poured In into the 
multiplex quantum well active layer 25. By changing the energy band gap of each barrier layer 60 of the multiplex quantum 
well active layer 25, therefore, (Egl 1<Eg12<Eg1 3<Eg14), Carrier density distribution of an electron can mainly be 
considered as distribution nearer to homogeneity, and, as a result, the low efficient laser of threshold current can be 
obtained. 

(A 6th embodiment), next a 6th embodiment are described focusing on a point of difference with a 3rd embodiment. 
[0065]The energy band figure near the active layer of the high power semiconductor laser in this embodiment Is shown In 
drawing 11 . In this embodiment, in the multiplex quantum well active layer 35, in order as energy band gap Eg21 of 
InGaAsP which is the barrier layer 70, Eg22. Eg23, and Eg24 separate from the pHnP cladding layer 37 21= 0.81 eV of 
Eg(s), 22= 0.87 eV of Eg(s). It forms so that 0.06 eV may become large at a time with 23= 0.93 eV of Eg(s), and 24= 0.99 
eV of Eg(s). At this time, thickness of the barrier layer 70 Is set constant at 4 nm. Thus, It has composition from which 
the energy band gap of the barrier layer 70 changes in order like drawing 1 1 by changing the presentation of InGaAsP 
(Eg21<Eg22<Eg23<Eg24). Other composition and thickness are the same as that of a 3rd embodiment. 
[0066]Also In such composition, the same effect as a 3rd embodiment can be acquired. That is, since band offset deltaEv 
by the side of a valence band comprises a larger material than band offset deltaEc by the side of a conducting zone also 
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in this composition, the potential barrier by the side of a valence band is expensive, and the direction of an electron hole 
has material composition which is hard to be poured in into an MQW active layer. Therefore, the electron hole is made 
easy to pour in to the n type clad layer 33 side by making small the energy band gap of the barrier layer 70 of the side 
near [ in this embodiment ] the p type clad layer 37. and enlarging it gradually. That is, the electron hole is made easy to 
pour in to the n type clad layer 33 side by making small the energy band gap of the barrier layer of the side near the p 
type clad layer 37, and enlarging it gradually so that an electron hole may be poured in efficiently. As a result, like a 3rd 
embodiment, when the homogeneity of carrier density distribution of the electron hole in an active layer mainly improves, 
the homogeneity of the recombination rate distribution between electronic-electron holes can improve, and laser with it 
can be obtained. [ low threshold current and ] [ efficient ] 

(A 7th embodiment), next a 7th embodiment are described focusing on a point of difference with 1st and 4th 
embodiments. 

[0067]The energy band figure near the active layer of the high power semiconductor laser in this embodiment is shown in 
drawing 1 2 . According to this embodiment, it has composition which combined a 1st embodiment and a 4th embodiment. 
In MQW active layer 5, in order as the thickness t31 of aluminumj^Ga^_j^As which is the barrier layer 80. t32, t33, and t34 
separate from the n-aluminumQ 4GaQ qAs cladding layer 3 Namely, t31=3nm, t32=4nm, t33=5nm. It forms 1 nm at a time 
thickly with t34=6nm. It forms so that it may become large every [ 0.04 ] in order simultaneously with x= 0.04, 0.08, 0.12, 
and 0.16 as Al composition ratio x separates from the n-AlGaAs cladding layer 3, It is large in order as energy band gap 
Eg31 of the barrier layer 80, Eg32, Eg33, and Eg34 separate from the n type clad layer 3 (Eg31<Eg32<Eg33<Eg34). Thus, 
it has composition that the thickness t31-t34 and the energy band gaps Eg31-Eg34 of the barrier layer 80 change in 
order like drawinfi 12 by changing simultaneously the thickness and Al composition ratio of the barrier layer 80. Other 
composition and thickness are the same as that of a 1 st embodiment. 

[0068]In such composition, since the effect of a 1st embodiment and a 4th embodiment can be acquired simultaneously, 
the effect can be increased. That is, since band offset deltaEc by the side of a conducting zone comprises a larger 
material than band offset deltaEv by the side of a valence band also in this composition, the potential barrier by the side 
of a conducting zone is expensive, and electronic one has material composition which is hard to be poured in into an 
MQW active layer. 

[0069]Therefore, the electron is made easier to pour in to the p type clad layer 7 side, since thickness of the barrier layer 
80 of the side near [ in this embodiment ] the n type clad layer 3 is made thin and the energy band gap is made small. 
That is, pouring to the next well layer is made to be performed more effectively about the electron. As a result, as a 1st 
embodiment and a 4th embodiment are shown in drawing 1 3 as compared with the case where it carries out 
independently, respectively, compared with drawing 3. the homogeneity of the carrier density distribution in an active 
layer can be raised further. By this, as shown in drawing 14 . compared with drawing 4 . the homogeneity of the 
recombination rate distribution between electronic-electron holes improves further, threshold current can be still lower 
and more efficient laser can be obtained now. 

(An 8th embodiment), next an 8th embodiment are described focusing on a point of difference with 2nd and 5th 
embodiments. 

[0070]The energy band figure near the active layer of the high power semiconductor laser in this embodiment is shown in 
drawing 1 5 . According to this embodiment, it has composition which combined a 2nd embodiment and a 5th embodiment. 
Namely, the n type clad layer 23 and the p type clad layer 27 with InP (or AlInGaAs) system material. The multiplex 
quantum well active layer 25 comprises AlInGaAs system material. While becoming thick in order as the thickness t41 of 
the barrier layer 90 which constitutes the multiplex quantum well active layer 25, t42, t43, and t44 separate from the n 
type clad layer 23 (t41<t42<t43<t44). It is large in order as energy band gap Eg41 of the barrier layer 90, Eg42. Eg43, and 
Eg44 separate from the n type clad layer 23 (Eg41<Eg42<Eg43<Eg44). 

[0071]Thus, since the potential barrier by the side of a conducting zone is expensive in this embodiment, It has become 
the career by the side of a conducting zone, i.e., the structure where electronic one is hard to be poured in into a 
multiplex quantum well active layer, and pouring to the next well layer is more effectively performed about an electron by 
changing both the thickness of the barrier layer of a multiplex quantum well active layer, and an energy band gap. As a 
result, the homogeneity of the recombination rate distribution between electronic-electron holes can improve because 
the homogeneity of carrier density distribution of the electron in an active layer mainly improves, and laser with it can be 
obtained. [ low threshold current and ] [ efficient ] 

(A 9th embodiment), next a 9th embodiment are described focusing on a point of difference with 3rd and 6th 
embodiments. 

[0072]The energy band figure near the active layer of the high power semiconductor laser in this embodiment is shown in 
drawing 1 6 . According to this embodiment, it has composition which combined a 3rd embodiment and a 6th embodiment. 
In MQW active layer 35. in order as the thickness t51 of the InGaAsP barrier layer 100, t52, t53, and t54 separate from 
the p-InP cladding layer 37 Namely, t51=3nm. While forming 1 nm at a time thickly with t52=4nm, t53=5nm, and t54=6nm, 
In order as energy band gap Eg51 of the InGaAsP barrier layer 100, Eg52, Eg53. and Eg54 separate from the p-lnP 
cladding layer 37 51= 0.81 eV of Eg(s), It forms so that 0.06 eV may become large at a time with 52= 0.87 eV of Eg(s), 53= 
0.93 eV of Eg(s), and 54= 0.99 eV of Eg(s). Thus, the thickness and the energy band gap of the barrier layer 1 00 are 
considered as composition which changes like drawing 1 6 simultaneously. Other composition and thickness are the same 
as that of a 3rd embodiment. 

[0073]In such composition, since the effect of a 3rd embodiment and a 6th embodiment can be acquired simultaneously, 
the effect can be increased. That is, since band offset deltaEv by the side of a valence band comprises a larger material 
than band offset deltaEc by the side of a conducting zone in this composition, the potential barrier by the side of a 
valence band is expensive, and the direction of an electron hole has material composition which is hard to be poured in 
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into an MQW active layer. Therefore, the electron hole is made easier to pour in to the n type clad layer 33 side, since 
thickness of the barrier layer 100 of the side near [ in this embodiment] the p type clad layer 37 is made thin and the 
energy band gap is made small. That is. it is made to perform pouring to the next well layer more effectively about the 
electron hole. As a result, as compared with the case where a 3rd embodiment and a 6th embodiment are carried out 
independently, respectively, the homogeneity of carrier density distribution of the electron hole in an active layer can 
mainly be raised further. By this, the homogeneity of the recombination rate distribution between electronic-electron 
holes can improve further, and laser with It can be obtained. [ low threshold current and ] [ efficient ] 
[0074]In each above-mentioned embodiment, although laser structure is laminated and formed on a n type substrate, 
even if it forms laser structure on a p type substrate, the same effect is completely acquired. Although both the 
thickness of each class of n-cladding layer (3) and n-light guide layer (4). p-light guide layer (6), and p-ciadding layer (7) 
is 1 micrometer in each above-mentioned embodiment. It may form more thickly than 1 micrometer instead of what is 
limited to this, or may form thinly, and the thickness of each each class may be the same, or may differ. Although it is not 
limited to this although the thickness of one layer of well layers in an MQW active layer is 12 nm, and 30 nm or less in 
which a quantum effect shows up is usually used, considering the characteristic and the homogeneity of membrane 
formation, 2.5 nm - 20 nm are suitable. 



[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1l The sectional view showing the composition of the semiconductor laser of a 1st embodiment. 
[Drawing 2lT he energy band figure near the active layer of the semiconductor laser of a 1 st embodiment. 
Drawing 3] The carrier density distribution map in the active layer of a 1 st embodiment. 



[Drawing 4] The career recombination rate distribution map within the active layer of a 1st embodiment. 
[Drawing 5] The sectional view showing the composition of the semiconductor laser of a 2nd embodiment. 



[Drawing 6]T he energy band figure near the active layer of the semiconductor laser of a 2nd embodiment. 
Drawing 7] The sectional view showing the composition of the semiconductor laser of a 3rd embodiment. 



Drawing 8] The energy band figure near the active layer of the semiconductor laser of a 3rd embodiment. 



[Drawing 9l The energy band figure near the active layer of the semiconductor laser of a 4th embodiment. 



[Drawing lOl The energy band figure near the active layer of the semiconductor laser of a 5th embodiment 

[Drawing lll The energy band figure near the active layer of the semiconductor laser of a 6th embodiment. 

lDrav/\nK 12l The energy band figure near the active layer of the semiconductor laser of a 7th embodiment. 

[Drawing 13] The carrier density distribution map in the active layer of a 7th embodiment. 

[Drawing 14] The career recombination rate distribution map within the active layer of a 7th embodiment. 

[Drawing 15] The energy band figure near the active layer of the semiconductor laser of an 8th embodiment. 

[Drawing 1 6] The energy band figure near the active layer of the semiconductor laser of a 9th embodiment. 

[Drawing 1 7] The energy band figure near the active layer of the conventional semiconductor laser (in the case of delta 

Ec>delta Ev) 

[Drawing 18] The carrier density distribution map in the conventional active layer (in the case of delta Ec>deita Ev) 
[Drawing 19] The career recombination rate distribution map within the conventional active layer (in the case of delta 
Ec>delta Ev) 

[Drawing 20] The energy band figure near the active layer of the conventional semiconductor laser (in the case of delta 

Ec<delta Ev) 

[Drawing 21] The carrier density distribution map in the conventional active layer (in the case of delta Ec<delta Ev) 
[Drawing 22]T he career recombination rate distribution map within the conventional active layer (in the case of delta 
Ec< delta Ev) 

[Description of Notations] 

1 — n-GaAs substrate, 2 — n-GaAs buffer layer, 3 — n-AlGaAs cladding layer, 4 — A n-AlGaAs light guide layer, 5 — 
MOW active layer (AlGaAs/GaAs multiplex quantum well), 6 — A p-AIGaAs light guide layer, 7 — - p-AlGaAs cladding 
layer, 8 — A p-GaAs cap layer, 9 — An insulator layer, 10 — P type electrode (Cr/Pt/Au). 11 —An type electrode 
(AuGe/nickel/Au), 12 — Au-Sn layer, 13 — Well layer, 14 — A barrier layer, 21 — n-InP substrate, 22 — n-InP buffer 
layer, 23 A n-InP cladding layer, 24 — n-aluminumQ 233fno.53Gao.24^® ''Sl^^ ^^y®""' active layer 

(AlInGaAs/AlInGaAs multiplex quantum well), 26 — p-aluminumQ 23^^0.53^^0.24^^ ''^^^ ^ ^'^^^ 

cladding layer, 28 — p-InGaAs cap layer, 29 [ — n-InP buffer layer, 33 / — A n-lnP cladding layer, 34 / — A n-lnGaAsP 
light guide layer, 35 / — An MOW active layer (InGaAsP/lnGaAs multiplex quantum well), 36 / — p-InGaAsP light guide 
layer, ] — A well layer, 30 — A barrier layer, 31 — n-InP substrate, 32 37 [ — A barrier layer, 50 / — A barrier layer, 60 
/ ~ A barrier layer, 70 / — A barrier layer, 80 / — A barrier layer, 90 / ~ A barrier layer, 100 / — Barrier layer. ] • A 
p-InP cladding layer, 38 — A p-InGaAs cap layer, 39 — A well layer, 40 



[Translation done.] 
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Q wsttJirt A ? ax? nfc«^ Rt>'iE7L{i 

M Q W?g14Jil^©#PllTS,|ga-r S u i: ic <}; -3 Tfgyd 

14^ l# ^ fc 46 tc a . M < i: IE7L^ Sli^S ■& $ -li ^ 
'iSgA^&S, L*^L^;6^6^ ii^^ftU— tf{ia#pnS 
^® ^- F«3g i; -3 T V ^ S fc i6s t; IE?L©a 

t7>y FilM*^5?£A?n^<^)t^Ls iE^Lfi pS^'^-y 40 
F»«JA^P.jiA?n^o Lfc*^oT. S14Ji:6^MQW|g 
jicD^^tcli^ SI 7lc*3V^T> MQWfS14St43it-S 
n -Tt^'-f" FStS-rSfuBx = 07i^?> p-Tt/SV FH 
t^-r^iiLm.x= 1 tc4ol^T+^U7S;jai:LT{iBl 1 
8 , COHI 8lc^-r j;-9lc«?{inS^S 

«tfi-pfcB-^f3i:^t)> ^tc. iEIUipSHfiiJt^flo/c 



{i/^y F:f7-b'y F (&m^m : A E c . tfm^lpiJA 
Ev) cO:A:/J^M«^cj;■^T^t>■pT<^fc46^ W*4t;S 

[0 0 0 5] ^ii-e. c©5giWf ^-vurms 

[0 0 0 6] 

[KH*(iij*-r'5fc46o^ia] iisRS 1 «%B^-e{±. n 

§u^^>yFS^., pm'J'y-y mt. #m*^2tX±(D 
ftp S'l4ii^ #tj'4^»f* b-^' t . e^S 
^fijco/^y F:t7-b >y F AMffi«?^iliJ'0''^y F^T^-b -y 

F t;'^tt/^WI4 (AEc>AEv) T-1tJ35c5tiTV^ 

m< LTv^< c^{cj;oT«?*^pik^'^-y Fimi'xa 

pM^^-y Fg^s #pS*^2J-:^±«^S»?#p?g14 

FAME^^iJ©^*;^ F^7-b'y F<tf;tA#t/^W 
14 (AEc<AEv) TSfiSc^nTl/^S. 

#p?g14lil^{caA*nJi:<v^«jii:;8:oT(/>?.. bfc 



4± 



[0008] iiSia 3 O5i0^-e(i^ G a A s atg±le^ 

aa?#pS'i4)iA^A 1 G a A ss*^f4■^-^ifiSc^nT^/^ 

C0Mi%X<<t. ■(5#0i|iJ®/N>F:t7-b-y FAMffi« 

^#fJj(?3/^> F:t7-b-y F J; 0 fey'ct < ^oTi/^Sfc 
46s «?(D73;^^^M«?#PS14iirtt<:aA?tilc<t/^ 



n iU i7 17 >y Flitiijfil ^PSM® A^lit/ ^fc46 F y^- U > i^' U 



(5) 



[0009] If 5l<^ 4 CO^B^T'ti. I n PSfeiltC^M 

M'f-n-P^iifSfo^ A 1 I n G a A s s^MSTlifiX^nT 

< ffMT § c ii tc<fc f; . 11*31 3 t mm(DimRXS^)}^ 

lo 0 \ 01 mMm5(Dm^r'its inPaK±it^a lo 

m^#P^^SiiMt>^ I n G a A s P ;^*tip4l?«fiicSnTt/^ 
S o <! ® Wl^l^t? It . fW?^ W® ^ ^ > F 5d- 7 -b <y h :^)^ 
fcai^«©/'i>'F:t7-b'y F<t 0 t>;^t < ^oT(/^Sfc 

fc o T 1 1¥ < ff^fiic-r ^ C t J; f) IE?L t -Dt/ Ji , 
p §U ^ ^ >y FSicifi V ^Igiiii A'iMt/ ^fcto h U > i^' L 
g<^^ (}lt)ffilt-^-r<^^) . ^OlSSs ii^LT 

miS.t^m-^B(D:s:.^-)l^-^\y F*> -y 7°7;)^^n^'n 

J; {c{E»^ijamffi«?€iii-?-n^^~ntcji«tKifr so 

[0 0 12] mimKomnxit. nm^'yy vmt. 
p s i' ^ 7 Fs ^ s 2 j-:^±©^a«?#pffii4 

>y FiiA^6ltn^tcbfcA^^TIiit:;*:*<:aoTi/^^c 

t^W^tLX^'^., lt^lc-3l^Tii^ n§y^-7-yFli 
46, r^cD#p)i'\ftX^ni<^So Lfc*^-pT. ±t 40 

[0 0 13] mMmsommxii. nmi'^^-yvrnt. 

pSUi'^-y FHi:, #piS(?i^ 2 J-X±0^a»?#P?Stt 

1ifiic-r§l*ilS'?:)x:7-.;l'4^-y^y F^> -y7°:6^pMi'^ 
>y FJi*^?.iin?.tL/-c*^oT)»c:;<:#<;!S-pT(/^^il 
t^m'^tLXi^^^c JEJUc-Dh^Xlt. pM^'^^yFii 50 
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t3fii/^PSil/i®x;7-.;L'4i-/N> F^> -y 7°^vjN^t.^fc 

p©#pS'\aA$n^<-&^o Ltcii^-ox. 
[0 0 14] m^mQomnxiiis m^m7icmm(^m 

Bmcish^X. f£3»^fflfD/<;>F^7Hz-y F;6Mffi«?*iJ 

??*^^a«?#p?gtteF*3ic?tx$nic < ^mMt^'o 

nffi^^-y Flili:3fii/^{|iJ©KiSJi©x:^.;l/^-A> 
±§-itA^iol±-r § d i: t j; f) 1|^-IE?LPBl©SIS^aa 

[0 0 1 5] 11*311 Qommxits m^msicmmco 

fflJcDAy F:t7-b>y Fi:*^ t>A:t('^W3^"^-SiS$tlT</^ 

7L®75-A^^*«?#PSttliF^taA$ntc < (/^Sifii; 
piai'^-y Flitjfiv^fl!J®l$iili«x^-^^^'-''^ 

<toTE?L^nSyi'v-y FS«J-\aAL^< LTl^^c 

[0 0 1 6] if*^l 1 C0|gfl^-£?{i:. 11*^6- 9 tia 
tg©i}£^f*lx— ift4oV^Ts SSiltTGaAs^ffl 
V\ ^M»?#P?g'l4li*^ A 1 G a A s 
tlTt/^§fc46^ fE#^iiJ®/':>F:t7-b>y FAMffi«?# 

fJ«/^>F:t7-b-y F <fct) t:^*<*-:)Ti/^^.:, ^''Dt^ 

iN•«^iScT^ ti«?®73 jb^^fia? #p?gi4ii p*3 A^ n 

14lico^n€~n©^iiii«x;t-;l/4i->'^> F^> -y 7°^ 
J; D ^ i: t" -5 c i; t . ^- OSS b ^ I, ^ 

[0 0 1 7] 11*311 2(?5?i0flTii. al*3l 6 ~ 9 IcfH 
^(D^^f^lx— iflcfc'V^Ts a«Si:LT I n P^ffll/\ 
^*«?#PS14ilA^A 1 I n G a A s ^ttf4-e1Ssic$ 
nx V ^ § fc i6 X -gai^iJ©/ ^ y F :t 7 -t -y F 7bMffi«?^ 

iJcD/^y F^7-fe'y hi:K)t^iz^<^-oXi^^o cos 



(6) 



9 



[0 0 18] m^mi zomm-^ii-. w^jae. ?, 

8, 1 Ot|Bic®4^»{*U— 'f'tfc'i.^T. mutLxi 

n P^ffll/\ ^M«^#Fig14e*^ I n G a A s Pl^« 

[00 1 9 ] tijRiR 1 4 CD^gWT-tJ;^ G a A s S^S±tC 
^aa?#pJgttJi7!3^A 1 G a A s ^W^tT-^fiic^nT 20 
comn'^Xli. e^^flijO/^y F;t7-b'y F*^ 

fffi^^MJCi/^y F:t7-b -y F <fc D < ^-^TO^S 

^ >y F)l:6^&linS IC Lfc:6^-D Tllgt;^* < ft <fc ^ Ic 

[0 0 2 0] l|5l<]1 1 ScD^BflTiis I n PS«±Ij:^ 
M«?#PSttli*^A 1 I n G a A s S^^i^T1ifi5c^n 
Tt/^^,., i:<0*f«IST'{i. f52f^i!|cD/';yF*7-fe>y F 
;5MffiS?^iJ«A> F:t7-b'y F J; < ftoTi^ 
^fci6s ■«T<D73:^^^fia?#pSttiil^taA^txli: 

Ji^S^-r ^^Miif3x:7->;l/:^i-/ F^> -y fif n S 
^7^>y FliA^e.|tn^lcL.fcA^oTllilC;^*<ft^<t-9 40 

[0 0 2 1 ] ftsRH 1 6©%B^-e{i. I n Pafe±t^ 
a»?#PS14)i:^)^ I n G a A s P^tfip^-^SJjIc^nT 
1/^^,:, C©«f=[^1:-{i. ffilt?^ffliJ(D/^y F:t7-t>y F 
;bME«^iiJ'0/^y F:i-7-b-y F <fc D ^-X"^ < ftoTt^^^ 
fci6. iE?Lc075-A^^M»?#Pffittlirtli:aA*tit< 

^ -y FS^^e-ltn^ i<: Lfct'^-D X]m^±^ < ft-5 <fc 50 
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^iilicr)x*;l/^"-/^y F^> -y 7°AVJ^^^,^f-i6. mo:> 

V ^mM.m& < ^ t ifx t s . 

[0 0 2 2] n*Ji 1 7 (omnxHt. WaRir i tKigto 

X^^o t^^-^. nM^^'vFSi:. p§yi'^>yFji 

#Pii(:6^2j;(±©^aa^#p?S'i4ii^#'t)'*«ft 

^fijO/^y F^7-lr>y F<t «3 fe:;'^#i/^«I^^T?«fiic2n 

^fi»?#pgttli^S)5!c1-^^IIM©l¥^% 

^ttUc. m^m(DX.^-}l^-/'^y F^> 'y 7°^ n m 

Sa?#p®14g|*IlcaX?tit < v^«5Si:ft^TV^ 

5,:. ^c-e. ±3zgL/cJ:^{c^M«?ftpgttli©ltii 
ScO)?^ i;x^-.;l/4^-y ^y F4i> v T'^StJ^^^-S C 

[0 0 2 3] HaRH 1 8 03?8B;§T:-t±. !f *ia 2 tSicCO 
T-feSo -TfttDtS. niy^v-yFlit, piU^'t7-y FH 

s #piscA^ 2 ix±©^a»?#pSitii^#o*»f* 

Ix— If t >T . {ffi«^ ^tJO/ ^ y F * 7 -b -y F iS^'SM 

# W©/ =;yF:t7-b'yFJ;0t:^*i/ ^tt^l^T-ftjjic ^ ti 

T4of3s ^s«^#pSttii^^i^ac-rsKMg<©i?^* 

5 t tc. |tli)i(Dx;t-.;l/4i-Ay F4^> -y 7'* p m. 

^"y-j '^mfi^hmx'^\^\.fzff'-ox\m^x^ < ltv^ 
A^^aa^'ftp Stts t a A ^ n t < I tti:'jx 

l^^o -^-iiT. ±KRbfc<t'5le^a«?ftpS1tB'?3^ 

SMtOii^ i:x;ts;l/4^— /\y F4^'-^' -y 7©W73^S;^§ 
C iilc J; 0 ^ IE?Lfot/^Ti?©#pli'\©aA:6U 0 x!) 

ffi < U-'^'^m^ C t ifX * S .:, 

[0 0 2 4] WsfcJl 1 9®P8S^-r-ti:. W^fli 3 tc|3«cO 

^B^iiissftiM 1 4 \cmm(D?^momi^om^iii^r>fz^ 

(DXh^o -TfttJ^, GaAsaSi:^ nS^^'y FS 
hs piyi't7-y FM^. #p|5t;^)^ 2 J-X±<'3^a»?#P 



(7) #IS2 003-3 1 9 02 

11 12 

piJ^/^-y ¥mt^mm=Pn-Pm^mi3^A l G a a s ^ #pSttJi(0^il«©Jp$ t:x:^)\y^-/^y F^^-y 

^^(?5;)^;i5,^^a4:ji#pg14Pp(glcaEA?niC < ^^MM [002 7] II^JS 2 2 (D^B^Tii^ ft*3l 1 - 2 1 

14)iO|^il)i«l¥Siix^;l/^-/^>'F4^-v>y7'tDR73 S14iico#pi(* 5i-X±i: LTi/^^„ U/cTb^oTs ±it 

?-iE?LPBl«ma6^iia5^flJ©i§-tt*^^±Ls t^i/^ [0 0 2 8] ff*W2 3©|gB^Tii;. W^IB 1-2 2 (?) 

[0 0 2 5] mMmzOffmmxli. II«lB4lciaK<D cD^)tM«^3XF^-r^tM^l 0 0//,mK±^LTl.^^ 

i;. piy^'T'^y FSi;. #piS(:6"i2W±®^fifi?#P 20 [0 0 2 9] 

pMi'^-y Fe*^ I n P ^fcii A 1 I n G a A s mmmmtLtz^ 1 ©^Sl©m^.^0Efi:a'-5l/^TlK 

•e. $fc. #*«?#PS14ii*^ A 1 I n G a A s I^M BJ-TSo 

fiT-S)t^nT43*9. ^S«?#tp?g14M^«fiSc-r^PS [0030] H *^5tmifc43lt^:;^tB:b¥^f* 

ilg©l¥$^nSi'7'y Fm>6Mn^tLfc;!)^oT)lg tfORffiSig^^^f-o ^fc. Ill2t.. ^^SSmiO 

tif < ff^iSI-^ tt t^lc. ltiiiIOx^-.;b^-/^y F4^ ;^ffi;lu¥»{*^-^fC)?Sttlif>t5fiOx^.;l/^^-/^y FH 

#< LTl/^^o i:(0|^ip*li^gT'{i{E#^{llO#r>'$^-\' [0 0 3 1] B1UC*3V^T. n -G a A s 1 ±t n 

;l/PSil7b^'iSl/^fcy). lE^^flJO^-vU 7. f^t)-^. M -G a A sM>y 7Tli2. n-Alo.* G ao^s A s i^-^ 
?£D75-*^^*»?#pS14iil^ti:ftA5nfc<i/^«3ai: 30 •yF)i3. ii-Alo.2 Gaos A s Tt^-T FS 4 . Al 

^S-pTI/^^o ±3zELfc<t 3 ic^mm^nprn^ o.^ G a«.8 a s /G a a s ^a»i^#PSjtA^6.;5:^S 

gO^iSSO^^ i: x;?-;!/^— F^F-> >y 7°©il73 ^ 1tii 5 s p - A 1 o.; G a o * A s ^iS-i' FB 6 . p - A 

■«?tOV^TK©#Pll'^©ffiA.A^ 1 o.^ G ac. As^'^-yFH?. p -G a A s -y 7" 

J;*;aS6^tlTt>n^. i^^LTSttSrtO ®8 Wc^S^nri^^,, S14Jl5ti^ll2t75-rj; 

H^i^^i-^ ij 7^'jS5>:flJC)i*(H4?!)^(^±t'2> d i:t?«? A 1 0.2 G ao.s A s il G a A s tii^xS.l^MS'^ 

-IE?LrB^OSfao3lJt53''fliOi£lH4:6^lRl±ts LtO^ffi tis A 1 0.2 G ao,- As*U)i. G a A s S/iJf^Jjg? 

mMm&<M^^<DU-W§^c ti)^X^?>o tiTi/^^o C©^^, x;t. ^>'F^>-y7°o>J^^ 

[0 0 2 6] 2 1 cO^BJTii. fl*« 5 tf2ttO G a A s A^#Pli 1 3 J: * 0 . JL^)l^-^^y F^> 

liBJi:il*«l 6 tl3igOl8Ba©S?3 0'X(lS^ffl-3/^c*. ■y7°0:;'v-^i/> A 1 0,2 G ao- A s -hm^S 1 4 i:*:5c. 
ff)-Vh^..-r^st>t>. InPmUt. nS^'^-yFP 40 Sfcs 0 Ui:4i5l^T. ii-AIm G ace As-^^-yF 

i;. pSi^^-y FSt. #m*^2W±O^M»?ftP ®3i:n-Alo: Gas.:. A s t^^V Fg 4 i:MQW?S 

?g'l4)i;&#t?¥»{* if'tfc'V^Ts n S ^ ^ -y FB t 14ii 5 p - A 1 0.2 G a As Fg 6 ^ p - A 

p§Ui;^.y H*il^-fi*-?#pg14SAH n G a A s P 1 0.. G a«.. A s ^-^-y F® 7 ^; p - G a A s -y T' 

^Mmxm&^nXisi). ^S»^#pS14S*SfiSt^ g8t±^^t)Bh>S;-3TV^^. CO^^tgpatfn-Ga a 

^PfH.gOS?^ pS^7^ >v FJl:^M^g|n^(c Lfc:^)^o s /^-y 7rB 2 <D±aic{i^^^9 A^fl^fig^n?. ^ t 

TJlit)¥<ff^^-r?.i:i:tt. KiiSOx;t.;l/4^-/^y IfigSgg t*5lj-^ ;'<-9-g|50±® ip-GaAs4^-v 

K^>-y7°^piU^7^.y Fg7b^e.^n?>fcLfc7b^-pTJli 'y7''S8<D±a) Icti^gPQ a*^ffM2nTi/>^., CO 

^^13. iE?LO:;^:6^^a«?#P?S'l4®F*iltcaA^rLlc< 50 [0 0 3 2] n -G a A s /^-y 7Tg2 0»${i: 5 0 0 



(8) 



13 

As FS3©Jf^{il 
A s ftiJ-^ Ym 4 ©/P^ {i 1 



nms n — A 1 0.4 G ao.s 
ft m^ n— A 1 0.2 G ao.8 

[0 0 3 3] Sfc. Stt)i5{c*5l^T{±^ laztcS^-TJ; 
^{C, HSH 1 41?^^ A lo,> Gao.s AstDjf^t 
1, t 2, t 3, t 4 {in- A 1 0.4 G ao.e As^'^-y 
Kll3*-'?>ltn^tLfcA^oT)lit t l=3nm. t2 
= 4 n m^ t 3 = 5 n IBs t 4 = 6 n m 1 n inT "^IP 
<Jl5figtT</^^ , Sfc. Sttli 5 IC^Blt^ G a A s #F 
m 3©i¥2fcO(/^TtJ;^^ 1 2 nmTfefJs — S'^^l? 

[0 0 3 4] SSfc. 0 1 «p - A 1 0.2 G ao.8 A st^ 
KSeO/P^tJ: 1 //m. p-Alo.4 Gao.e k s i> 
•7 -y K® 7 cDiP^ii; 1 /j m. p - G a A s +-¥7 7°li 8 

[0 0 3 5] —^5. 11 - G a A s Sfi 1 A u 

G e /'N i / A uis^^r^^ nmMM 1 1 :6^}^fi!c$ns n 
-G a AsSitgl t^-^ >y h:^,S|KP>flTl/^ 
C(DnmM&\ 1 0:)^ffilCt±S^«^bTOAu/ 



* 



10 



20 



[0 0 3 6] ^fD;^(U;b*«i*b-^'^':)»3i7?te 
^UJB^-r^o *-r; |lll-e©n-GaAsStel±ti:M 
BE (Molecular Beam Epitaxy) t£-^MO C V D (Me 
tal Organic Cheiical Vapor Deposition) ii^t 
n -G a A s/^:/7T)i2. n-Alo.4 G ao.« A 
s^/^.yPjfS^ n-Alo. ;Ga6.8 ks^H^iS^YM 
4. Alo.j Gao.s A s/'G a A s#a»?^^P®ii*^ 30 
b^^rSttSS. p-Alo.: Ga».s ksit-ff^YM 
6, p — Aio.4 G ao.« Asi'^'yHilTs p — GaA 

[0 0 3 7]?ltM#s n-G a A sM'y7TJi2&tf 

;>«^tg|5cO±ffit S i 027b->5>^SI6Sai9^7°^X-x'C 
V D fttc i 0 fiScli U . X >y 5^ > ^"t Xi^m&l'f L T^g|5 
Ba^J^it-r^o C«^g|59 a©ifiSA'^Xh^7-i'7'IM (fg 
'ltJit43t5-i>^7tMiSlc«>Xh'7-r7°ifi) il^^o ^« 
tis lfePai9±t. Cr,''Pt,-'Au (^)115nm/ 40 
3 0 0 n m/ 6 0 0 n m) A^e>*i> pSlWS 1 0%«? 

if-Aii«atc<tf)fl?fi!cLs 1^3 6 o'cicis^^rmm* 

D, ( X I =1 a, • [ 1 — e X p 
Dh (x) = 1 /'at • [ 1 - e X p 

[0 0 4 3] sfc. m=f-iEKm(DnWi-^Mmii±ii 

(1). (2) S-Clt»5n?.«?&O-'iE?L«a;a'0-5 50 
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mtLXm&i^T i/V t /Au^*fflt.^Tt<i;t/^ 
[0 0 3 8] n -G a A sSS 1 A u 

G e /' Ni/'AuJb^Sft-Sn MUffi 1 1 E' - 

[0 0 3 9] CC0;^ai;'3¥«{*^-^' (*»f*^-^f'5^ 
-y -:/) oy^^CO-^mt 5 0 0 /i m X 8 0 0 /J. m-?fe . 
X i>'7'l'7'ISti:4 0 0 fi mT'^S.-, -fe4b\ ISt+Wi^-^X 

«?t^rJit-rfci?)««StOX hv-r7W4^*:< i:t 1 0 

[0 0 4 0] ^usim^-eii^sa^ttpSttiisA^A 

1 GaAs^^MS^T-Wfiit^nTt/^S, OSD. AI.G 
a,-:< Ast43l/^T^^F']il 3;?)^x = 0OGaAs-??* 
t)s ^HS 1 4 A^x = 0. 2 ©A 1 0.2 Gao.s A s 
5o ^Wcii). E2T^-rj;^ME»^flJ«/^>F5j-7 

•b >y h A E c AHffifli^MIJ'?^/^^ F:t 7-b -y h A E v J; 

^3i-efe5fc46s MQWF*il(D|^i8ii 1 4©JI^ t 1 , t 
2, t3, t 4 7b^n-A 1 G a A s ^'^-y Fll3A->6^ 
nSt^:Lfc;b^oTJiilcJf <ffM-tScii:fc<fc-3T (t 1 

< 1 2 < 1 3 < 1 4 .) s m?*^^*fiL< ftA-et («?^ 

Tij^pSi'^-y Fll7iiJ^?iA2n^<) . 

^7-7 'y FM 3 ^cffiV^PtaJ■A'^»V^fcfe F y^t^ u y^L^ 

<-s:t) (a 0 sit^-r < 0 ) . ±tLTSi±ii^«« 

[0 0 4 1 ] ■Bi^S.tfiE?L©+-v U Ti;g53^i^OJ/^ :i 

yay^^^mAlZTjkt, 03, 4t43tJSli$S(i:S'l4 
Jil^OffiB X (M 2 #M.) "efe 0 . n -7t?9~-^' F/i 4 i: 
gfSfiES^x = 0i;Ls p-*p5f-r Fji6i:g-rsfit 

S^x= 1 tbX^^^,, 

[0042] *43. v'^i ly~y a Vtilt? Rt>iE?LO 

4^-vU7S?ffi^*n€'nD, (x) Dh (x) tLr:k 



(— a, ) ] * e X p [— a* X j 



• * • 



( 1 .) 

(— a h ) ] * e X p [—ah O ~ x ) ] 

• • • (2) 

?&tfIE?L^?:)a AO 5 til ^ ^S»e^tc ^Ctio^ 



(9) 
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[0 0 4 4] US, 4 fc^-Tv-^a b-v-a VISSjO^ 

[0 0 4 5] Hsiiiai s^imr^o mi 

->s.3.ly-i^3 0 1 8 icit^m 3 (±«? 

04 i:ia 1 d^HMt^. mi 9imi 7coc:t<n^ 

^T-fe-So HI 9fcJ:b<E4{j;«?-IE?LPBl©S&a-ii 
M9i}m(D c i: *^T^ # ^ C i: i: ^ ^ c, 

[0 0 4 6] $P>t. Xh^-l'7°ft^ 1 0 0 ij mi:A±t 
-r § c tc J; -3 A ©/N;l'Xl|?^t 43V ^TiSt+W i7 



[0 0 4 7] $fc. ^MM^ffFSttBtD^m^ 5 j-X 

'^m^'^^ttfix^^. 

[0 0 4 8] 0 5t, **)5imiti:4olt^:^ai±i¥»f* 

[0 0 4 9] lastM^Ts n- I nPSftZ l±lc:n 

- I n P/N-y7TS2 2s n- I n P F/i2 3s 
n - A 1 o is I 110.55 G A s )te:<7~'l' FS 2 4 . A 

1 I n G a A s ^aai^#P«}fi:6^?)^!S ^Stt/l 2 5 . 
p -A 1 c.::- I noes G ao. ..As FJi2 6. p 

- I n P .y FM 2 7 s p - I n G a A s ^-t >v "/M 

2 8;bMlitaji5nTV^S,, ^43. nSy^^^-y F)i2 3 
pS^'^-y FJi2 7tiA 1 I n G a A s ^tfifl^ffli/^ 

TtJ:i/\:, ?Sttli2 5(i;. 06 lc^-r<fc-7fc A 1 I iiG 
a A s ftps 29i:Al InGaAs I^MH 3 0 t^fiS. 

si-cgaa^nTi.^^.:, *{*6^*im(J;s a k i hvG a 
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i-,^ A slc43V^T. #p)i2 9{Jx = 0, y = 0. 5 
3-efeO. ^iiii3 Oiix = 0. 2 3, y = 0. 5 31? 

[0 0 5 0] cwi^ic. InP»l52li;. nm'J'y 
yVmzsts pii^^'y Fg2 7i:. #mA^2J.X± 

€>^M«?^tpSttll 2 5 ^#t)^if^»{* U— tf'T-fe . 
nMi^'^y FS2 3 pMi''7'y F«2 77iM n P ' S 
/ctiA 1 InGaAs) ^W-)^X\ S/c. ^-MM^ftP 
?S14Ji 25 Tb^Al InGaAs ^MU ( A K I ny G a 
i-x-y As) xm&SnX^'^o "tLXs ^MM'^nP 
S14S2 5^«Bgf ^PiUliS 0©!?? til, t 1 
2, tl3, t 1 4A^niai''7'y FS2 3*^P>iini.t 
L/c:^^-3Tlliti?<^-3T0^;2, (. t 1 1 < t 1 2 < t 1 
3 < t 14) o 

[0 0 5 1 ] &.±(Dc:t < . I n PSS2 1 ±{C^M« 
?#pg14ii 25i:LTAl InGaAs ^WS^ffll/^ 

> F:t7-b'y F A E c ■hmn=I-'^M(D/Vy F:t7-b-y F 
A E V J;0t:^#<^oT43f). ^B«?#Pffi14S2 

5^1il5!c-rSPiilli3 O^li^^nHi'^-y FJ12 S.!)^ 



50 



P, ^ til t fc :«)^ o T )iS t »< ffM-r S C i: i; 0 . S 

So 

[0 0 5 2] 1117 ^mmMmicm)r^±iiiti^mPf- 

*f~c3iTffiia^^t-o sfc. lasts **i6smi<^3± 

[0 0 5 3] n-I nPSfiS 1 ±t n ~ I nP/vy7 
rmSZ. n - I n P i'^ >y Fli 3 3 . Ji^-)l^—/Vy 
7 7°E g = 1 . 0 5 e V i;;fe^lM© n-I n G 
a A s ? ftijW Fil 3 4 . I n G a A s P/' I n G a A 
s^M«?#P@3fiA^b^^?g1tli3 5s 
>F4i-vy7°Eg= 1. 0 5 e Vt^feSlM^p- I n 
GaAsP^:dVF)i36. p- I n P i'^'y F)i3 
7 . p - I n G a A s 4^-^ -y 7"]! 3 8 mimMm^tlX 
V^So Stt/i 3 5 ii. x^;]/^^--/^^ F*> >v T^E g = 

1. 0 5 e V il-aSIMO I n G a A s P I no.^* 
G ao.fl A s tii^^mcmm^ns I n G a a s P7b^4 
if. I noes Gao.47 Asti^BmifM-^tlX^'^o ^(0 

F4^> -y 7°0/J^^ I ^ 1 n c.;; G a 
o.« As (Eg=0. 7 5 e V) A^ftpBS 9^^fX 

\i:if^' -j-rOiZ^l' I n G a A s P (E 
g=l. 05 eV) t)m^m 4 Ot^^o Sfcs n-I 
n P -y FUSS, n - I n G a A s P 7t;9V Fli 3 
4, MQW?S14Ji3 5. p- I nG a A s P^;i;'-r FM 
3 6. p- I n P^'^-y F)i3 7. p-InGaAs + 
•V'y7°il3 Stipi-y-ff^ii&oTi/^S., 
[0 0 5 4] n- I n P/^y7rS3 2«)?$i±5 0 0 
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nm. n- I n P i/^-y F)13 3(0|S$li 1 /i m. n- 
I n G a A s 'Pitii^ YM 3 4 ©JP^ti 1 /i mli&^o 
^tz. rg'ilgs sicm^^Xli.. PSilS4 OT-fe^ I n G 
a A s PtOlp^ t 2 1 , t22, t23, t24*^p- 
I n P ^'^•y K«3 7 A^P>itn^lcUfcA^'QT)lit t 2 
l = 3nm^ t2 2 = 4nin. t2 3 = 5nms t24 
= 6nmi:l nm-r-Djp<J^fi!cLTi/^^o Sfc. SttH 
3 blcmf^ I n G a A s#pli3 9©J¥$ti#^ 1 2 

14113 StOh-^;!/©]!:^^? 8 nmt*oTl/>^.:, 
[0 0 5 5] p - I n G a A s P7fe;ijV FilS 6©i?^ 
\i\ \x.m. p - I n P i'^-y Fli3 7 C0jl$ti 1 m, 
p- I iiG a A s4^-¥-y7°®3 SOJl^tiO. 8 )i/ m"? 

[0 0 5 6] n - I n PS^S 1 (OmMnlthu G e / 
N i /Au;6^P>^^nS!Jttffil l^^ffM^tl^ n-In 

paiS3 1 -y^'ay^^ ^*^gx?.nTv^?.o C 

CD n mMM 1 1 ©Sffit t± a-tJ i: L T © A u ' S n B 

1 2 Tb^fl^^ ^? nr *5 f) X d ni;: j: o T 1^—9-"*?^ 

[0 0 5 7] £:O:;^/±S;'3¥»f*b-1f(0»«CD\l-r±(±5 

0 0^. m X 8 0 0// mT-$. t) ^ X h ■7-f'7°ipM{i 4 0 0 

X h "7 'f^if'P-^^ < 1 0 0/7 mJ-;^±it^ST$.?.o 

[0 0 5 8] imtmmxii.^m.wfnpm'mif i n 

G a A s P^I^I^TSjS^nTV^^,:, -^St)^ I n. G 
ai-. AsyPi-y t4oV>T#pS3 9*^x = 0. 5 3^ 
y = 1 CD I n 0.53 G a o-<7 A s Tfe 0 ^ PiUli 4 0 ^d': x 
= 0. 79. y = 0. 45®InGaAsP X&Z, i 
C0fzV>. MMFf-^^cOf^y F^7-fe-y F A E v ti^'in^ 
{|ijc>';>F^7-b-y FAE c J; f) t:;'^;^ < ;&oTi/^^ 
( A E c < A E v ) ,. LfcA^oT. fffi«?^®JCD4^-ic U 

jiT-fe§fci6. MQWF*90^MS4 OCDjf? t 2 1 , t 

2 2, t2 3, t 2 4*^p- I n P ^^-y Fji3 7*^5. 

icLtcifr^X lilifcff < ff^ fiJcf ^ C (c J; 'J T (, t 
21<t22<t23<t24) . IE?L*^^^a< ftX 

( E?L*^ n ^7 ^7 -y FHs siKaA^n^o , 

EP-^. IE?Lt-3i/^Tttpiy^-7-y Fii3 7 
[0 0 5 9] oSt). *ilBffifl5^tfc'V^TfclllflSSffi 



(10) !ttW2 0 0 3-3 1 9 0 2 
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[0 0 6 0] Sblil. X F^-r7°g^ 1 0 0 /iimW±i: 
■r^il^;lC^-:3TS+ACD>' ISl ^T^+W ^ 

\ [ 0 0 6 1 ] H 9 IC. ^Hffiff^St fcnj- i> A£ilt)¥^i* 

j mjBmxii. ^fi*^#Fffii4ii5tc43i/^T. mmms 

10 O^Pfe^ A 1 X G ai-x A s CD A llifiSctt X ;^)^ n - A 1 
0., Gao.6 A s :^-7'y FJi3*^P>|fnStc:L/cA^'-:)Tllli 
lcx = 0. 04. 0. 08. 0. 12. 0. 16i;0. 

0 <rji^X'AcjfMLXh^ys.:. COM. PSH 
S5 0CD|J2ii4 nmT— ^ilLTi/^S., iI©<fc-9tA 

1 iajStt^^;lS c txmMm 5 0 (Dx:t^;l'4=->'^> F 
4^^'y7°Egl, Eg 2, Eg 3, E g 4 ;?)^E1 9 -9 

5 0 cDx^.;]/^"-/^^ F4^> -y 7° E g 1 , E g 2 , Eg 
3, E gAt^nm^'^-y Fli3*^t.|tn§lcLfc:^^oT 

20 HBtAt < ^oTl^^ ( E g 1< E g 2 < E g 3 < E g 

4 ) o ^omcomi&s mmi'i^i(fMmBmtm-x& 

[0 0 6 2] i:cDJ;-5'S:@fi!ctc43t/^Tfe|gl*liJf^fil^ 
mM<DMW:^^9'^ C tt)^X ^ ^ -tr^t)^. *«figli:43 
i/^Tfef5W^flJC^^>F:t7-tr'y FAE c Ti^^fffiW^^tlJ 
CD/^>F:t7-b'y FAE v<fcfJt;^*l^Sip-^-e«fi)(;2tl 

TV^Sfcy)^E»^ilJ®'1^•r>>'■\';L'l!Sli7b^IS< . nj-n 

-f5t>m Q wgitii t a \ 5 n t < 1. ^unm^ t^x-^x 

l/^^o tfcA^oT. *^i5lff^^TtinS^''7>y Fli3t 
30 j£i/^i(J®^iig 5 0 cDx#.;l/4^-/N>' F4^> >y 7°-^/J^^ 
<U '#^(c;^#< bTt/^< ilfclcJ;oTtti^^piJ^7 

^-y Fli7iJ-\aAt^< bTV^^., IP-^. «WX(J* 
fi:<aA^n^J;'5t. nSJi7t7>y F)i3ti:}£l,^«cD|^ 
liS^x:^-;!/^^-/^^ F^>•y7'^'J^^ < L. '^^tcA 
LTi/K CiifctoTm^^pSJ^-^-y Fii7®J'\ 

aALg<LTv^^. iicDsfas. m^ssfl^^t Iridic 

±§-'i±*^^±t. Lt\^^immH&< m^hmo)u-v^ 

40 

[0 0 6 3] HI ot. ^mmmmic^sif^iztiiti^m 

iUi'v-y Fli2 3 p^i7^>y Fji2 ItH nP (S/c 
A 1 I n G a A s ) S /c , ^Ma?#P?S 

Its 2 5 A 1 I n G a A s ^Mnxm&-^ tlX is . 
^a«?#pg1tli2 5^MJt-r?.PiilJi6 0©x:^^;V 
:¥:-/^^/F^A-yyE g 1 1 , Eg 12, Eg 13, E 
a 50 g 1 4*^niyi^^-y FJi2 3:^)^e.Sin5lCtfc*^-3Tlli 



(11) 



Eg 1 2 



Eg 1 3 
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lciz^<^-:}X^^^ (E g 1 1 
E g 1 4 > 

[0 0 6 4] t2|s;||5£ff$Sltl3</^Tt. 
mcD/Vy F5^-7-fe>y h A E c AMi«?MiJO/^> H^7 

«?#pS'i4Ji 2 5 F^tcaxs nt < v mm tr^-DX^^ 

PiiiS 6 0 cox:?.;!/^-/^^ 7°^^^^. d i: 

tEgl l<Egl2<Egl3<Egl4) . ± 

[0 0 6 5] HI UC. *IISffiiff$Mt4bnj-^;^ait)¥# 

mm^mxii.. ^fi«?#pfgi±ii3 st^i^T. pfn 

g 7 0 -efe^ I n G a A s P (D3L^-~)\y^—^Vy F^> >y 
•/Eg21, Eg22, Eg23, Eg24;«)'5p-In 
P 7 FS 3 7 ti'l^mn^l^ Lfc:6^-pT)litc E g 2 1 
= 0. 81eV. Eg 2 2 = 0. 8 7 e V. Eg23 = 

0. 93eV. Eg 2 4 =0. 9 9 eVt0. 06eV 

■ro:;^*<*^d;-9 tjfMUTi/^s. com. immi 

0t0)?^{i4 ninT-— SilLTt/^^.:. ilfD<fc'9t I nG 
a A s P ©IflfiSt^^^i^ C tX^mm 7 0 ©x^-.;!^:^^"- 

V F4^-¥ -V 7°A^ia 1 1 cDJ: ^ icniic^ftr i •9 

LTO^^ ( E g 2 1< E g 2 2 ■< E g 2 3 < E g 2 



s|tM2 0 0 3 
20 



3 19 0 2 



[0 0 6 6] C£0<fc'9iS:«fi!tfC*5V^Tfc||3^SSJ^^il 

l^Tfe{ffi«?^®J©/^>' F4-7-(Z'yFAEv mmWA 
©/^y F:f 7-fe-y F A E c i 0 fe:'c*V^Mf4T«$tl 
T t/ ^ ^ fc J6ffiil?^tlJ« T > ^ ^HtHyi^S < s IE?L 
co;^*^M Q WS'ltii F*3 ttt AS ntc < V i: * -p 

Tl^^.: L/c;0^oT. **filff^SlTtipiy^'7-y Fii3 
7 fc3fil/^ffllj©l^lijl 7 0 CDX^-.;l'^r— F4^-^' 'V 7"^ 

FJi3 3i!j'\aAL^< LTi^^.. ip-^^ iE?L 
A^S!)*S:<aASn^<};^^c^ pSi77>y Fas 7^cjfi 
!/^tBiJ«?:)Piil)i«XT-;l/4^'-/N> FdF> -y 7'^/h^ < L. 
W.^lc±t<LX\^^<Ctlc^-DXiEll^nm^^"J F 
S3 3ffllJ'\ttAL^< LTV^Sc. CCDM*. S3*filff^ 
±h LTS14Jil^c0iE?L®4^-\' U 7^a^3^ 
fljcDi£H4*^lq]±-r ^ d t j; «^-iE7LrBl<Dff^-& 

CD b— r^ffS il tifXt^... 

[0 0 6 7] mizic. ^mmBmicmy^jKBiti^m 



10 



20 



30 



40 



50 



■iifcSiSi; LTt/^^o •r^5:t?-§s MQWSttS 5 lc43t/^ 

l^im 8 0 Xh^ A 1 X G a i-x As C0JP$ t 3 1 , 
t3 2, t3 3, t3 4*^n-Alo,4 G ao.e ks^'y 
y Fii3;0-^?.|ltl-2.tL/c;^)^-:3TJliti: t 3 1 = 3 nnis 
t3 2 = 4nm. t3 3 = 5nm. t3 4=6nmi:l 
nm-f'OJK JfMLTV^?),:, |B]a#fc. A IffifiSctt x n 
- A 1 G a A s i'v "y FS 3 A^&gttli) t L/cA^o TlHI 
fcx = 0. 04. 0. 08. 0. 12. 0. 16i:0. 

0 4 -f-Diz^ < j; -9 icBf&LXis f; . PtH/i 8 o cD 

x:t-;l'^->'^>'F4^-V'y/E g 3 1 , Eg3 2, Eg 3 
3. E g 3 4 ^^nS^'^-y VM'iti'^j^in^lcLtzio'^o 
XmiC±^<^j:^Xi^^^ (Eg31<Eg32<Eg3 
3 < E g 3 4 ) o iKD^o icm^m 8 0 cOJ?^ A 1 ffi 
fiSctt*|W|^t^^^ili;"eia 1 2©C'i:<l*ilB8 0© 
IP? t 3 l~t 3 4 iix:^^;l/^-/^>'F4^-^>y:/E g 3 

1 ~E g 3 4mmicmt-t^i:'j^s.mi^tLX\^'^o ^ 

(Dimmit. m»ii.B 1 m-Mmm-x^^.:. 

[0 0 6 8] C(Di.o^smfji.l^i5h'Xiii. ^iMMBB 

tm4nMmc)M^^^mii:.n^ctii'^x^^rcii. 

l<:|5l/^Tfefe«^iJO/^> F^7-fe-y F A E c mm^ 
McD/^y F;i-7-fe>y F A E v <fc 0 fe;'(:#</>;t^f.?|-T'gfi!c 

■&nxl'^rz}sbBm^Wo^:)t°■ry>'^' !\^m&ff^< , M 

[0 0 6 9] Lfo^^oT. *||fiSJ^^t:iinM^^-y F 
M 3 fc3fii.^tBiJ®^liH 8 0 £Diiff%M< L*^OX^v;l/4i 

^^n^'n'^rnxmrnLtzm'^ttmhs mi sic^^t 

l^CDi^Ht ? P. tc lBl± U . L * 1/ ^■fMrJilA^ $ S t ffi 

■So 

(.ii8«iisii©mi) mscommoMm^. ^2 
[0 0 7 0] HI 5t. ^mmBmi^m^iziiiii^m 

^rmi^tLX^^^^. -r-SrtJ-^. nS^/iz-y Fli2 3 t 
piy^^-y FS2 7:^)^ I n P (SfctiA 1 I nG a A 

s ) ^mix\ s/c. ^a»T#prStts 2 5 7i^A 1 1 

n G a A s ^iUUXMl^^nX^ <0 , ^S»?#Pffi'lt 
S2 5^Sj5ic-r^ltMS9 OOliS t 4 1 , t4 2, t 
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4 3, t 4 4A^nM^^-y KJi2 3iS^i^m.n^\^LfziJ^ 
oT)llli:)i<;5:^^lJ;tlc (:t4 1<t42<t43< 
t 4 4 ) . WM.m 9 0 f3x;t-;l^*-/0 7°E g 

4 1, Eg4 2, Eg4 3, E g 4 4A^niy^7>y FH 
2 3;6^6itn-S.tL/c*^oTlllitc:;^*<^c-3Ti/^^ (E 
g4 1<Eg42<Eg43<Eg44) „ 

[0 0 7 1] ^(Dx.^\z.i^nmMmx'\i.. en^aito^j^ 

l«^>S;-3T*Jf;. ^Sa?#pS1tii©ltiSii<^)» 10 
■^jiS^^fli toi^-ttTb^ |p]± L . L * 1/ Mit«iS;6Mg < iasci) 

43 J; n 6 o:)mm.mm t offiB^s ^ >L^^i:l^^B^•r . 

[0 0 7 2] H 1 6 *Sffim^lc43it^:^l±i^]*« 
ftb— ifOrS'ltii^jfiWx:?.;!/^'— /^^FH^^-r,, * 20 ffil 
^Slfl^«i?(is ^3SfiSmii:^6^fiEff^^^ffl^^*3 

^Tcmi&tLr^^:^. -tr^^o-iD. MQW?gttJi3 5{C*5 
1>T. I n G a A s PISiSJl 1 0 0©JP5 t 5 1 , t5 
2, t5 3, t 5 4 A^p- I n P i'^-y F)i 3 7 7b^P>lt 
n-S t Lfc?i^-pT|lit t 5 1 = 3 n t 5 2 = 4 n 
m. t5 3 = 5nm. t 5 4 = 6 n mi; 1 n mt" OlP < 
ffM-rSiiilfet. 1 iiGaAsPl^iiSl 0 0t?3x^-. 
^l/^-z^y F+> >i' T'E g 5 1 , E g 5 2 , E g 5 3 , 
E g 5 4 p - I n P -v FH 3 7 A^eitn^fc b/c 
;!)^^TIIitcE g 5 1 =0. 81eV. Eg52 = 0. 8 30 
7eV, Eg 5 3 = 0. 9 3 e V, Eg54=0. 99 
eVi:0. 0 6 e Vf-'3:;^^<i&^i-9ti:i^B!cUTt/^ 

ii 0<t 9 tc^lSii 1 0 0 cojf $ i:x:?.;l/^-/^y F 
^> -y 7°^iBl^t|lI 1 6 Oi; 5 ic^ft-r^ <]: 9 WMi^h 
LT(/>^o ^OffiO)«^Sc> iiJ¥ti:||3llfiafl^ffii:lRl-T 

[0 0 7 3] i©<fc^*®fiict4i5l/^T{±. ll3llStfl5^ 

lC*5(/^TMIt?=^i!©/^y F:t ^-b -y F A E V AME^i 40 

#tlJcDAy F:t7-b-y F A E c <fc ^^'^^^MfAl:^!^ 

;Q:-pTt/^i)o Lfc><)^oT, ^^fiSmiTiipM^'^-y F 

5 3 7 tc3fiV^{|[J«l^illi 1 0 0 OBi)S^i*< LA^OX:t> 

f} nSy^^^-y F)i3 3ffl'\aEA.Lg< LTl^^o IP^. 



(12) #M2 0 0 3-3 1 9 0 2 
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[007 4] ;S:4b\ ±aE^*)lfl^^.T{i n ^»«±t U 

Sa#*SSff$®Tt* n - ^ 'y F® < 3 ) RXS n -7t:^V 
FS (4) . p -Tti^'-f Fa (6) . p-i'^-yFS 
(7) O#a60J¥?ti;±tt 1 f/.mi:LT>/^^*^ cnfc 

a— BcOgStil 2 nmilLTl/^SA^cntcPIS^nS 

fe(DTii^<. mn. a^xftm^Wl^ 3 0 nml-XT:^^ 
fflv^e.n■&A^ #1tS:tffiicflSOJ^-tt^#;iSi:2. 5 

nm~2 0 nm^^'Jia-efeS. 
[H®f:)ffi#*f«H^] 

[01] ^l^Ji^^cOiti#f*b-^f'©«fiic*^1-i 



[H 2 ] mi mmBm(D^mit y^~©gtta#3£© 
[03] mi ^MJ^s©?si4aF^o4^ ^ u rma^T^-flj 

Ho 

[0 4] mi mmmomnmm'o^^^ v rm^^ 
[0 5] n 2 u-^'omi^^^^-tm 

ffi0o 

[06] H 2 HSfiff^^Oiii^ft ly-^(DmiiSimcO 

[07] ^3 ^ssj^mo^^i* i^-- tf" ©e^^^-r sut 

ffi0o 

[08] ^3 IIM^^<?:)*#ft U— tf' ©SttM{>J-i£« 

x^t^^b^^-^N^FH. 

[09] H 4 ||fiSff^M©*»i* b— ©SlSSf^iS© 
x:t-;l/4i"-y';>F0, 

[010] g 5 iiss3^si<^*»f* u-^'o^mimim 

(Dx^-.;l/^-y'?yF0.. 

[011] me ^)5imi<?3^»{* u- v'o-mimim 

©x:t.;l/^-/^y F0C 

[012] mi nmmmo^^mit u- ^'(om±mim 



7 nmBm(omnmp^x(o^^ v rm 



[013] m? nmBm(ofS'&mp^(D^^ v 7m&i& 

[014] i 



[015] ms mmBm<D ^mw -y^'torsiiaft ifi 

£Dx^.;l/:¥'-/^y F0O 

[016] H 9 ^SaJ^S8©i}^«#; U-^'0ii'^ir£ 
cDx^;l/4^-y';>'F0,, 



(13) 
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^—/Vy Kg| ( A E c > A E V (Dm^) 
[018] f;f*^Org14S[^<^4^-v V TmAij-^m ( A 
E c >A E vcom^) 

[0 19] t;^«i^3Sttii^Tc?34'r u 7iiis^5ia53' 

fl^H (AE c>AE v(?3ii^.) 

[a 2 1 ] f;f>K<?:»sitiii^^D4^-v u rsa^^tFia (a 

E c <A E vCOif^) 



10 



( A E c < A E V CD^^.) 

1 ■••n-G a A sSfe 2-'n - G a A s/^v7r^i^ 
3*--n -A 1 G a A s KB. 4---n-A 1 G a A 

S7¥;:y^'f KS. 5-MQW?gttH (AIGaAs/Ga 
A s ^M«?#F) ^ 6---p-AlGaAs Tt:^^ K 
S. 7--p-A 1 G a As i^'^^y F®^ 8-p-GaA* 

[HI] 



ItPfl 2 0 0 3 " 3 1 9 0 2 
24 

■mmm. i o---psy«« (c r /-p 

■nmMM (AuG e/N i .- A 
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